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EXECUTIVE SUMMARY

Background and Applicable Standards
Chestnut Creek first appeared on the 1996 303(d) TMDL Priority List (VADEQ, 1997) as

impaired for violations of the General Standard (benthic). Chestnut Creek was listed again
on the 1998 303(d) Total Maximum Daily Load Priority List and Report (VADEQ and
VADCR, 1998), on the 2002 303(d) Report on Impaired Waters (VADEQ, 2002), and on the
2004 Virginia Water Quality Assessment 305(b)/303(d) Integrated Report (VADEQ, 2004).
Also in 2004, an additional 3.68-mile segment of Chestnut Creek was included in the report.

This segment was listed for total fecal coliform and E. coli impairments.

Chestnut Creek was initially listed on the 1996 303(d) TMDL Priority List as being partially
supporting for aquatic life use. The General Standard is implemented by the Virginia
Department of Environmental Quality (VADEQ) through application of the modified Rapid
Bioassessment Protocol 11 (RBPII). Using the modified RBPII, the health of the benthic
macro-invertebrate community is typically assessed through measurement of eight
biometrics. Each biometric measured at a target station is compared to the same biometric
measured at a reference (non-impaired) station to determine each biometric score. These
scores are then summed and used to determine the overall bioassessment (e.g., non-impaired,
slightly impaired, moderately impaired, or severely impaired). Using this methodology,
Chestnut Creek was rated as severely impaired in 1992 and 1993.

TMDL Endpoint and Water Quality Assessment

Fecal Coliform

Potential sources of fecal coliform include both point source and nonpoint source (NPS)
contributions. Nonpoint sources include: wildlife, grazing livestock, land application of
manure, land application of biosolids, urban/suburban runoff, failed and malfunctioning
septic systems, and uncontrolled discharges (straight pipes). Sixteen permitted point sources
are associated with the Chestnut Creek watershed through the Virginia Pollutant Discharge
Elimination System (VPDES). Two are single-family wastewater permits. These discharges

are small (<1,000 g/day) and are expected to meet the 126-cfu/100 mL E. coli standard. Two
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are construction stormwater discharge permits, and nine are industrial stormwater discharge

permits not permitted for fecal coliform discharge.

Fecal bacteria TMDLs in the Commonwealth of Virginia are developed using the E. coli
standard. For this TMDL development, the in-stream E. coli target was a geometric mean
not exceeding 126-cfu/100 mL and a single sample maximum of 235-cfu/100 mL. A
translator developed by VADEQ was used to convert fecal coliform values to E. coli values.

General Standard (benthic) - Sediment

A Total Maximum Daily Load (TMDL) must be developed for a specific pollutant(s).
Benthic assessments are very good at determining if a particular stream segment is impaired
or not, but generally do not provide enough information to determine the cause(s) of the
impairment. The process outlined in the Stressor Identification Guidance Document (EPA,
2000b) was used to identify stressors affecting Chestnut Creek. Chemical and physical
monitoring data from VADEQ monitoring stations provided evidence to support or eliminate
potential stressors. The potential stressors are: sediment, toxics, low dissolved oxygen,

nutrients, pH, metals, conductivity/total dissolved solids, temperature, and organic matter.
The results of the stressor analysis for Chestnut Creek are divided into three categories:

Non-Stressor(s): Those stressors with data indicating normal conditions, without
water quality standard violations, or without the observable impacts usually
associated with a specific stressor, were eliminated as possible stressors.

Possible Stressor(s): Those stressors with data indicating possible links, but
inconclusive data, were considered to be possible stressors.

Most Probable Stressor(s): The stressor(s) with the most consistent information
linking it with the poorer benthic and habitat metrics was considered to be the most
probable stressor(s).

The results indicate that sediment is the Most Probable Stressor for Chestnut Creek and was
used to develop the benthic TMDL.

Sediment is delivered to Chestnut Creek through surface runoff, streambank erosion, and
natural erosive processes. During runoff events, sediment is transported to streams from land

areas. Rainfall energy, soil cover, soil characteristics, topography, and land management
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affect the magnitude of sediment loading. Land disturbances from mining, forest harvesting,
and construction accelerate erosion at varying degrees. Sediment transport is a natural and
continual process that is often accelerated by human activity. An increase in impervious land
without appropriate stormwater control increases runoff volume and peaks, which leads to
greater potential for channel erosion. During dry periods, sediment from air or traffic builds
up on impervious areas and is transported to streams during runoff events. Fine sediments
are included in total suspended solids (TSS) loads that are permitted for wastewater,

industrial stormwater, and construction stormwater discharge.
Modeling Procedures

Hydrology

The US Geological Survey (USGS) Hydrologic Simulation Program - Fortran (HSPF) water
quality model was selected as the modeling framework to model hydrology and fecal

coliform loads.

For purposes of modeling watershed inputs to streamflow and in-stream fecal bacteria, the
Chestnut Creek drainage area was divided into seven subwatersheds. The representative
flow period used for hydrologic calibration covered the period 10/1/1994 through 9/30/1998.
Hydrologic validation occurred from 10/1/1990 to 9/30/1994. The Chestnut Creek model
was calibrated for hydrologic accuracy using daily continuous stream flow data at USGS
Station #03165000 on Chestnut Creek (subwatershed 3).

Fecal Coliform

The fecal coliform calibration for Chestnut Creek was conducted using monitored data
collected at VADEQ monitoring stations 9-CST015.07, 9-CST010.45, and 9-CST002.64.
The four years with the most fecal coliform data (49 samples) were used as the calibration
time period, 10/1/1989 through 9/30/1993. The fecal coliform validation for Chestnut Creek
was conducted using monitored data collected at VADEQ monitoring stations 9-CST016.82
and 9-CST002.64. For fecal coliform validation, the period selected was 10/1/1998 through
9/30/2002, during which 46 samples were collected. Modeled fecal coliform levels matched

observed levels indicating that the model was well calibrated.
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The allocation precipitation time periods were selected to coincide with the calibration time
periods. Modeling during the calibration periods provided the highest confidence in

allocation results.

General Standard (benthic) - Sediment

There are no existing in-stream criteria for sediment in Virginia; therefore, a reference
watershed approach was used to define allowable TMDL loading rates in the Chestnut Creek
watershed. The South Fork Holston River watershed was selected as the TMDL reference
for Chestnut Creek due to the similarity of the watershed characteristics. The TMDL
sediment loads were defined as the modeled sediment load for existing conditions from the
non-impaired South Fork Holston River Creek watershed, area-adjusted to the Chestnut
Creek watershed. The Generalized Watershed Loading Function (GWLF) model (Haith et
al., 1992) was used for comparative modeling between both the impaired creek and South

Fork Holston River.
Existing Conditions

Fecal Coliform

Wildlife populations, the rate of failure of septic systems, domestic pet populations, and
numbers of livestock in the Chestnut Creek watershed are examples of land-based nonpoint
sources used to calculate fecal coliform loads. Also represented in the model were direct
nonpoint sources of uncontrolled discharges, direct deposition by wildlife, and direct
deposition by livestock. Contributions from all of these sources were updated to 2005
conditions to establish existing conditions for the watershed. The HSPF model provided a
comparable match to the VADEQ monitoring data, with output from the model indicating
violations of both the instantaneous and geometric mean standards throughout the Chestnut

Creek watershed.

General Standard (benthic) - Sediment

The sediment TMDL goal for Chestnut Creek was defined by the average annual sediment
load in metric tons per year (t/yr) from the area-adjusted South Fork Holston River. The

existing conditions and future conditions were calculated for Chestnut Creek. The future
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conditions were 12 t/yr greater than the existing conditions; therefore, the sediment loads for
future growth conditions was used to determine the sediment TMDL.

The sediment TMDL is composed of three components: waste load allocations (WLA) from
permitted point sources, the load allocation (LA) from nonpoint/non-permitted sources, and a
margin of safety (MOS), which was set to 10% for this study. The target sediment load was
6,618 t/yr. The future load from Chestnut Creek was 9,167 t/yr.

Load Allocation Scenarios

Fecal Coliform

The next step in the bacteria TMDL process was to reduce the various source loads to levels
that would result in attainment of the water quality standards. Because Virginia’s E. coli
standard does not permit any exceedances of the standard, modeling was conducted for a
target value of 0% exceedance of the geometric mean standard and 0% exceedance of the
single sample maximum E. coli standard. Scenarios were evaluated to predict the effects of

different combinations of source reductions on final in-stream water quality.

Chestnut Creek requires:

0% reductions in wildlife loads,

65% reductions in direct livestock loads,

98% reductions in NPS loads from agricultural and urban/residential areas, and
100% reductions in loads from straight pipes.

Table ES.1 Average annual E. coli loads (cfu/year) modeled after allocation in the
Chestnut Creek watershed at the outlet.

Impairment WLA LA MOS TMDL
(cfulyear) (cfulyear) (cfulyear)
Chestnut Creek 2.77E+09  3.24E+13 3.24E+13
VAG400062 1.38E+09
VAG400439 1.38E+09

Correcting all straight pipes, reducing nonpoint agriculture and urban/residential loads by
87%, and reducing direct livestock loads by 65% results in a 10.0% violation of the
instantaneous standard and is the Stage 1 implementation goal.
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General Standard (benthic) - Sediment

The next step in the sediment TMDL process was to reduce the various source loads to result
in average annual sediment loads less than the target sediment TMDL load. Scenarios were
evaluated to predict the effects of different combinations of source reductions on final in-

stream water quality. Allocations were developed at the outlet of Chestnut Creek.

The final load allocation scenario for Chestnut Creek requires a 27.8% overall reduction in
sediment loads to the stream. Sediment loads from straight pipes need to be reduced 100%
due to health implications and the requirements of the fecal bacteria TMDL. The final
TMDL required similar reductions to sediment loads from disturbed forest (34%),
unimproved pasture (33%), overgrazed pasture (34%), high tillage row crops (34%), and
streambank erosion (34%). No reductions to sediment or TSS permitted sources were

required.

Table ES.2  Sediment TMDL targets for the impaired watershed.

Impairment WLA LA MOS TMDL
P (tlyr) (tlyr) (tlyr) (tlyr)
Chestnut Creek 18.9 6,599 735.4 7,354

Implementation

The goal of the TMDL program is to establish a three-step path that will lead to attainment of
water quality standards. The first step in the process is to develop TMDLs that will result in
meeting water quality standards. This report represents the culmination of that effort for the
benthic impairment on Chestnut Creek. The second step is to develop a TMDL
implementation plan (IP). The final step is to implement the TMDL IP and to monitor

stream water quality to determine if water quality standards are being attained.

While section 303(d) of the Clean Water Act (CWA) and current United States
Environmental Protection Agency (EPA) regulations do not require the development of
TMDL implementation plans as part of the TMDL process, they do require reasonable
assurance that the load and wasteload allocations can and will be implemented. Once a
TMDL IP is developed, VADEQ will take the plan to the State Water Control Board

(SWCB) for approval for implementing the pollutant allocations and reductions contained in
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the TMDL. Also, VADEQ will request SWCB authorization to incorporate the TMDL
implementation plan into the appropriate waterbody. With successful completion of
implementation plans, Virginia will be well on the way to restoring impaired waters and

enhancing the value of this important resource.

It is anticipated that disturbed forest will be the initial target of implementation. Erosion and
sediment deposition from disturbed forest areas generally abate over time as new growth
emerges. One practice that has been successful on some sites involves diversion ditches to
direct water away from the disturbed area. Because logging is a common practice in the
watershed, every effort must be made to ensure that the proper forest harvesting BMPs are

used on future harvests.

There is a measure of uncertainty associated with the final allocation development process.
Monitoring performed upon completion of specific implementation milestones can provide
insight into the effectiveness of implementation strategies, the need for amending the plan,
and/or progress toward the eventual removal of the impairment from the 303(d) list.

Public Participation

During development of the TMDL for Chestnut Creek, public involvement was encouraged
through two public meetings and one Technical Advisory Committee (TAC) meeting. An
introduction of the agencies involved, an overview of the TMDL process, and the specific
approach to developing the Chestnut Creek TMDL were presented at the first of the public
meetings. Details of the pollutant sources and stressor identification were also presented at
this meeting. Public understanding of, and involvement in, the TMDL process was
encouraged. Input from this meeting was utilized in the development of the TMDL and
improved confidence in the allocation scenarios. The final model simulations and the TMDL
load allocations were presented during the final public meeting. There was a 30-day public
comment period after the final public meeting and X written comments were received.
Watershed stakeholders will have the opportunity to participate in the development of the
TMDL IP.
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1. INTRODUCTION

1.1 Background

The need for Total Maximum Daily Loads (TMDLSs) for the Chestnut Creek watershed was
based on provisions of the Clean Water Act (CWA). The United States Environmental
Protection Agency’s (EPA) document, Guidance for Water Quality-Based Decisions: The
TMDL Process (EPA, 1991), states:

According to Section 303(d) of the Clean Water Act and the USEPA water quality
planning and management regulations, States are required to identify waters that do
not meet or are not expected to meet water quality standards even after technology-
based or other required controls are in place. The waterbodies are considered water
quality-limited and require TMDLSs.

...ATMDL... is a tool for implementing State water quality standards, and is based
on the relationship between pollution sources and in-stream water quality conditions.
The TMDL establishes the allowable loadings or other quantifiable parameters for a
waterbody and thereby provides the basis for States to establish water quality-based
controls. These controls should provide the pollution reduction necessary for a
waterbody to meet water quality standards.

The Chestnut Creek watershed (contained in United States Geologic Survey (USGS)
Hydrologic Unit Code 05050001), located in Virginia’s Carroll and Grayson counties, and
North Carolina’s Surry and Alleghany counties, and the city of Galax, is part of the New
River basin (Figure 1.1). Chestnut Creek flows into the New River, which drains into the
Ohio River. The Ohio River flows into the Mississippi River, which ultimately drains to the
Gulf of Mexico.
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Figure 1.1  Location of the Chestnut Creek watershed.

Chestnut Creek was first listed as impaired in 1996. The 15-mile segment, which begins at
the upstream city limits of Galax and ends at its confluence with New River, appeared on the
1996 303(d) TMDL Priority List (VADEQ, 1997) as impaired for violations of the General
Standard (benthic) (Figure 1.2). Data from biological stations at 9-CST010.18, 9-CST013.29
and 9-CST002.64 revealed that the stream has been impaired for not fully supporting benthic
life off and on since 1992.

In the 1998 303(d) Total Maximum Daily Load Priority List and Report (VADEQ, 1998),
Chestnut Creek was once again listed for violations of the General Standard (benthic). The
biological monitoring station at 9-CST010.18 indicated that the stream was moderately

impaired. The biological station at 9-CST002.64 was also rated moderately impaired, a
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change from the “severely impaired” designation it had received in 1996. The biologist
noted that adequate habitat is almost non-existent at the station.

The Chestnut Creek segment described in the 2002 303(d) Report on Impaired Waters
(VADEQ, 2002) is 14 miles, a one-mile decrease that is attributed to National Hydrography
Dataset (NHD) dataset use. In addition to General Standard (benthic) violations, the
biological station at 9-CST002.64 indicated that zinc and nickel have exceeded the effect
range-median (ER-M) values; these exceedances may threaten aquatic life in this segment.
Biological stations at 9-CST010.18 and 9-CST013.29 indicated fully supporting aquatic life
uses for 2002.

On the 2004 Virginia Water Quality Assessment 305(b)/303(d) Integrated Report (VADEQ),
2004), the 14-mile segment of Chestnut Creek was listed once again for General Standard
(benthic). In addition, this report notes total fecal coliform violations for Chestnut Creek.
During the 2004 assessment period, three of 15 samples taken at ambient water quality
monitoring station 9-CST002.64, violated the fecal coliform standard. This segment is also a
“Water of Concern” for exceedances found in zinc and nickel data. These results are

reported as an “Observed Effect” in the 2004 report.

Also in 2004, an additional segment of Chestnut Creek was included in the report. The 3.68-
mile segment includes the mainstem of Chestnut Creek from the confluence with Coal Creek
downstream to the Galax raw water intake. This segment was listed for total fecal coliform
and E. coli impairments. An ambient station at 9-CST 016.82 is impaired for recreational use

with 10 bacteria violations within 36 samples. The source of bacteria is unknown.
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2. TMDL ENDPOINT AND WATER QUALITY ASSESSMENT

2.1 Applicable Water Quality Standards
According to 9 VAC 25-260-5 of Virginia's State Water Control Board Water Quality

Standards, the term "water quality standards” means "...provisions of state or federal law
which consist of a designated use or uses for the waters of the Commonwealth and water
quality criteria for such waters based upon such uses. Water quality standards are to protect
the public health or welfare, enhance the quality of water and serve the purposes of the State
Water Control Law and the federal Clean Water Act."

As stated in Virginia state law 9 VAC 25-260-10 (Designation of uses):

A. All state waters, including wetlands, are designated for the following uses:
recreational uses, e.g., swimming and boating; the propagation and growth of a
balanced, indigenous population of aquatic life, including game fish, which might
reasonably be expected to inhabit them; wildlife; and the production of edible and
marketable natural resources, e.g., fish and shellfish.
¢

D. At a minimum, uses are deemed attainable if they can be achieved by the
imposition of effluent limits required under §8301(b) and 306 of the Clean Water Act
and cost-effective and reasonable best management practices for nonpoint source
control.

Because this study addresses both fecal bacteria and benthic impairments, two water quality
criteria are applicable. Section 9 VAC 25-260-170 applies to the fecal coliform impairment,
whereas the General Standard section (9 VAC 25-260-20) applies to the benthic impairment.

2.2 Applicable Criteria for Fecal Bacteria Impairments

Prior to 2002, Virginia Water Quality Standards specified the following criteria for a non-
shellfish supporting waterbody to be in compliance with Virginia's fecal standard for contact

recreational use:

A. General requirements. In all surface waters, except shellfish waters and certain
waters addressed in subsection B of this section, the fecal coliform bacteria shall
not exceed a geometric mean of 200 fecal coliform bacteria per 100 mL of water
for two or more samples over a 30-day period, or a fecal coliform bacteria level
of 1,000 per 100 mL at any time.
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If the waterbody exceeded either criterion more than 10% of the time, the waterbody was
classified as impaired and the development and implementation of a TMDL was indicated in
order to bring the waterbody into compliance with the water quality criterion. Based on the
sampling frequency, only one criterion was applied to a particular datum or data set. If the
sampling frequency was one sample or less per 30 days, the instantaneous criterion was
applied; for a higher sampling frequency, the geometric criterion was applied. This was the
criterion used for listing the impairments included in this study. Sufficient fecal coliform
bacteria standard violations were recorded at VADEQ water quality monitoring stations to

indicate that the recreational use designations are not being supported.

The EPA has since recommended that all states adopt an E. coli or enterococci standard for
fresh water and enterococci criteria for marine waters by 2003. The EPA is pursuing the
states' adoption of these standards because there is a stronger correlation between the
concentration of these organisms (E. coli and enterococci) and the incidence of
gastrointestinal illness than with fecal coliform. E. coli and enterococci are both
bacteriological organisms that can be found in the intestinal tract of warm-blooded animals.
Like fecal coliform bacteria, these organisms indicate the presence of fecal contamination.
The adoption of the E. coli and enterococci standard is in effect in Virginia as of January 15,
2003.

TMDL ENDPOINT AND WATER QUALITY ASSESSMENT 2-2



TMDL Development DRAFT Chestnut Creek, VA

The new criteria, outlined in 9 VAC 25-260-170, read as follows:

A. In surface waters, except shellfish waters and certain waters identified in
subsection B of this section, the following criteria shall apply to protect primary
contact recreational uses:

1. Fecal coliform bacteria shall not exceed a geometric mean of 200 fecal coliform
bacteria per 100 mL of water for two or more samples over a calendar month nor
shall more than 10% of the total samples taken during any calendar month exceed
400 fecal coliform bacteria per 100 mL of water. This criterion shall not apply for a
sampling station after the bacterial indicators described in subdivision 2 of this
subsection have a minimum of 12 data points or after June 30, 2008, whichever
comes first.

2. E. coli and enterococci bacteria per 100 mL of water shall not exceed the
following:

Geometric Mean®  Single Sample Maximum?

Freshwater®
E. coli 126 235

Saltwater and Transition Zone®
enterococci 35 104

L For two or more samples taken during any calendar month.

% No single sample maximum for enterococci and E. coli shall exceed a 75% upper one-sided confidence limit
based on a site-specific log standard deviation. If site data are insufficient to establish a site-specific log
standard deviation, then 0.4 shall be used as the log standard deviation in freshwater and 0.7 shall be as the log
standard deviation in saltwater and transition zone. Values shown are based on a log standard deviation of 0.4 in
freshwater and 0.7 in saltwater.

3See 9 VAC 25-260-140 C for freshwater and transition zone delineation.

These criteria were used in developing the bacteria TMDL included in this study.

2.3 Selection of a TMDL Endpoint.

The first step in developing a TMDL is the establishment of in-stream numeric endpoints,
which are used to evaluate the attainment of acceptable water quality. In-stream numeric
endpoints, therefore, represent the water quality goals that are to be achieved by
implementing the load reductions specified in the TMDL. For the Chestnut Creek TMDLs,
the applicable endpoints and associated target values can be determined directly from the
Virginia water quality regulations (Section 2.1). In order to remove a water body from a
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state’s list of impaired waters, the CWA requires compliance with that state's water quality
standard. Since modeling provided simulated output of E. coli concentrations at one-hour
intervals, assessment of the TMDL was made using both the geometric mean standard of 126
cfu/100 mL and the instantaneous standard of 235 cfu/100 mL. Therefore, the in-stream E.
coli target for the TMDL was a monthly geometric mean not exceeding 126 cfu/100 mL and
a single sample not exceeding 235 cfu/100 mL.

2.4 Selection of a TMDL Critical Condition.

EPA regulations at 40 CFR 130.7 (c)(1) require TMDLs to take into account critical
conditions for stream flow, loading, and water quality parameters. The intent of this
requirement is to ensure that the water quality of Chestnut Creek is protected during times

when the waterbody is the most vulnerable.

Critical conditions are important because they describe the factors that combine to cause a
violation of water quality standards and help in identifying the actions that may have to be
undertaken to meet water quality standards. Fecal bacteria sources within the Chestnut Creek
watershed are attributed to both point and non-point sources. Critical conditions for waters
impacted by land-based non-point sources generally occur during periods of wet weather and
high surface runoff. In contrast, critical conditions for point source-dominated systems
generally occur during low flow and low dilution conditions. Point sources, in this context
also, include non-point sources that are not precipitation driven (e.g., fecal deposition to

stream).

A graphical analysis of fecal coliform concentrations and flow duration interval showed that
there was no critical flow level (Figure 2.1). Violations of the fecal coliform standards occur
at all flow regimes at the station; there is no obvious dominance of either non-point sources
or point sources. Based on this analysis, a time period for calibration and validation of the
model was chosen based on the overall distribution of wet and dry seasons (Section 4.5) in
order to capture a wide range of hydrologic circumstances for all impaired streams in this
study area. The resulting periods for calibration and validation for Chestnut Creek are

presented in Chapter 4.
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Figure 2.1  Relationship between fecal coliform concentrations (VADEQ station
9CSTO002.64) and discharge (USGS Station #03165000) in the Chestnut
Creek impairment.

2.5 Discussion of In-stream Water Quality

This section provides an inventory of available observed in-stream monitoring data
throughout the Chestnut Creek watershed. An examination of data from water quality
stations used in the Section 303(d) assessments and data collected during TMDL

development were analyzed. Sources of data and pertinent results are discussed.

2.5.1 Inventory of Water Quality Monitoring Data

The primary sources of available water quality information for Chestnut Creek are:
= bacteria enumerations from 4 VADEQ in-stream monitoring stations used for TMDL
assessment (Figure 2.2, Tables 2.1 and 2.2), and

= bacterial source tracking from two VADEQ in-stream monitoring stations analyzed

during TMDL development.
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Figure 2.2  Location of VADEQ water quality monitoring stations in the Chestnut
Creek watershed.

2.5.1.1 Water Quality Monitoring for TMDL Assessment

Bacteria samples in Chestnut Creek were collected and analyzed by VADEQ from March
1975 through August 2005. Data from these in-stream samples are included in this study
(Tables 2.1 and 2.2). Fecal coliform samples were taken for the express purpose of
determining compliance with the state instantaneous standard. As a matter of economy,
samples showing fecal coliform concentrations below 100 cfu/100 mL or in excess of a
specified cap (e.g., 8,000 or 16,000 cfu/100 mL, depending on the laboratory procedures
employed for the sample) were not analyzed further to determine the precise concentration of
fecal coliform bacteria. The result is that reported values of 100 cfu/100 mL most likely

represent concentrations below 100 cfu/100 mL, and reported concentrations of 8,000 or
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16,000 cfu/100 mL most likely represent concentrations in excess of these values. E. coli
samples were collected to evaluate compliance with the state’s current bacterial standard, as

well as for bacterial source tracking analysis.
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Table 2.1 Summary of fecal coliform monitoring conducted by VADEQ for Chestnut Creek. 2

Stream VADEQ Sample  count Minimum  Maximum Mean Median Standard  Violations® |g

Station Dates (#) (cfu/100mL) (cfu/100mL) (cfu/100mL) (cfu/100mL) Deviation % O

Chestnut Creek ~ 9CST002.64  3/75-2/01 186 0 6,000 927 200 1,630 37 S

Chestnut Creek ~ 9CST010.45 1/90-10/91 19 100 20,000 1,542 100 4,601 26 38

Chestnut Creek ~ 9CST015.07 5/92-5/97 11 10 2,000 531 300 582 45 g

Chestnut Creek ~ 9CST016.82  8/96-4/05 47 0 2,000 327 130 405 26 2

! Violations are based on the current fecal coliform instantaneous standard (400 cfu/100mL)
Table 2.2 Summary of E. coli monitoring conducted by VADEQ for Chestnut Creek.
Stream VADEQ Sample  count Minimum  Maximum Mean Median  Standard Violations'

Station Dates #)  (cfu/100mL) (cfu/100mL) (cfu/100mL) (cfu/100mL) Deviation % )

Chestnut Creek 9CST002.64 3/05-8/05 4 2 1,200 353 105 568 25 §

Chestnut Creek 9CST016.82 7/02-8/05 16 6 800 233 175 228 38 M

! Violations are based on the new E. coli instantaneous standard (235 cfu/100mL) =
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2.5.1.2 Water Quality Monitoring Conducted During TMDL Development

Ambient water quality monitoring was performed from March 2005 through December 2005
for Chestnut Creek. Specifically, water quality samples were taken at two sites in the
Chestnut Creek watershed (Figure 2.3). All samples were analyzed for fecal coliform and E.
coli concentrations and for bacteria source (i.e., human, livestock, pets, or wildlife) by the
Environmental Diagnostics Laboratory (EDL) at MapTech, Inc. Table 2.3 summarizes the
fecal coliform and E. coli concentration data at the ambient station. Bacterial source tracking

(BST) is discussed in greater detail in Section 2.6.1.

Fecal Impairment
Roads
N/ Stream Network
 Watershed Boundary

@ BST Monitoring Stations
9-CST002.64 /\/ Benthic and Fecal Impairments

0 3 6 Miles

Figure 2.3  Location of the BST water quality monitoring stations in the Chestnut
Creek watershed.
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2.6 Analysis of Bacteria Data

The data collected were analyzed for frequency of violations, patterns in fecal source
identification, and seasonal impacts. Results of the analyses are presented in the following

sections.

2.6.1 Bacterial Source Tracking

MapTech, Inc. was contracted to perform analyses of fecal coliform and E. coli
concentrations as well as bacterial source tracking. Bacterial source tracking is intended to
aid in identifying sources (i.e., human, pets, livestock, or wildlife) of fecal contamination in
water bodies. Data collected provided insight into the likely sources of fecal contamination,
aided in distributing fecal loads from different sources during model calibration, and will

improve the chances for success in implementing solutions.

Several procedures are currently under study for use in BST. Virginia has adopted the
Antibiotic Resistance Analysis (ARA) methodology implemented by MapTech’s EDL. This
method was selected because it has been demonstrated to be a reliable procedure for
confirming the presence or absence of human, pet, livestock and wildlife sources in
watersheds in Virginia. The BST results were reported as the percentage of isolates acquired

from the sample identified as originating from humans, pets, livestock, or wildlife.

BST results of water samples collected at the ambient stations in the Chestnut Creek
watershed are reported in Tables 2.3 and 2.4. The BST results indicate the presence of all
sources (i.e., human, wildlife, livestock, and pets) contributing to the fecal bacteria
violations. The fecal coliform and E. coli enumerations are given to indicate the bacteria
concentration at the time of sampling. The proportions reported are formatted to indicate
statistical significance (i.e., BOLD numbers indicate a statistically significant result),
determined through two tests. The first was based on the sample size. A z-test was used to
determine if the proportion was significantly different from zero (alpha = 0.10). Second, the
rate of false positives was calculated for each source category in each library, and a
proportion was not considered significantly different from zero unless it was greater than the

false-positive rate plus three standard deviations.
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For Chestnut Creek, the most predominating source of fecal bacteria was human, followed by
wildlife and pet. Table 2.5 summarizes the results with load-weighted average proportions of
bacteria originating from the four source categories. The load-weighted average considers
the level of flow in the stream at the time of sampling, the concentration of E. coli measured,

and the number of bacterial isolates analyzed in the BST analysis.

Table 2.3 Bacterial source tracking results from water samples collected in the
Chestnut Creek impairment (9-CST002.64).

. Fecal Coliform E. coli Percent Isolates classified as':
Station Date . .

(cfu/100 mL)  (cfu/100 mL)  wildlife Human Livestock  Pets
3/21/2005 10 2 *NVI *NVI *NVI *NVI

4/26/2005 70 60 9% 39% 35% 17%

5/18/2005 60 44 25% 71% 4% 0%

6/6/2005 140 64 55% 8% 4% 33%
9-CST002.64 7/13/2005 520 372 8% 71% 0% 21%
8/2/2005 120 102 46% 21% 0% 33%
9/6/2005 120 36 35% 25% 15% 25%

10/17/2005 foled 66 22% 52% 26% 0%
11/28/2005 faled 66 18% 5% 23% 54%

BOLD type indicates a statistically significant value.
*NVI: No viable isolates
**Samples received after 10/4/05 were not analyzed for fecal coliform as requested.

Table 2.4 Bacterial source tracking results from water samples collected in the
Chestnut Creek impairment (9-CST016.82).

. Fecal Coliform E. coli Percent Isolates classified as':
Station Date . .

(cfu/100 mL)  (cfu/100 mL) wildlife Human Livestock  Pets

3/21/2005 10 6 0% 33% 0% 67%

4/26/2005 50 56 25% 29% 46% 0%

5/18/2005 80 92 42% 4% 42% 12%

6/6/2005 190 230 92% 0% 4% 4%
9-CST016.82 7/13/2005 510 620 8% 67% 0% 25%
8/2/2005 260 184 55% 4% 8% 33%
9/6/2005 350 78 33% 55% 0% 12%

10/17/2005 ** 159 13% 65% 22% 0%
11/28/2005 *x 178 33% 8% 42% 17%

BOLD type indicates a statistically significant value.
*NVI: No viable isolates

**Samples received after 10/4/05 were not analyzed for fecal coliform as requested.
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Table 2.5 Load weighted average proportions of fecal bacteria originating from
wildlife, human, livestock, and pet sources.

Station ID Stream Wildlife Human Livestock Pet
9-CST002.64 Chestnut Creek 19% 48% 8% 25%
9-CST016.82 Chestnut Creek 31% 36% 15% 18%

2.6.2 Trend and Seasonal Analyses

In order to improve TMDL allocation scenarios and, therefore, the success of implementation
strategies, trend and seasonal analyses were performed on precipitation, fecal coliform
concentrations, and water chemistry results. A Seasonal Kendall Test was used to examine
long-term trends. The Seasonal Kendall Test ignores seasonal cycles when looking for long-
term trends. This improves the chances of finding existing trends in data that are likely to
have seasonal patterns. Additionally, trends for specific seasons can be analyzed. For
instance, the Seasonal Kendall Test can identify the trend (over many years) in discharge

levels during a particular season or month.

Seasonal analyses of precipitation and fecal coliform concentrations were conducted using
the Mood’s Median Test. This test was used to compare median values of precipitation and

fecal coliform concentrations in each month.

2.6.2.1 Precipitation

Daily precipitation measured at Galax Radio WBRF National Climatic Data Center (NCDC)
Coop station #443267 in Galax, Virginia was used in analyses for Chestnut Creek. Total
monthly precipitation measured in Galax, Virginia from January 1990 to December 1998 was

analyzed, and no overall, long-term trend was found.

A seasonal analysis of precipitation was conducted using the Mood’s Median Test
(MINITAB, 1995). This test was used to compare median values of precipitation in each
month. There was no significant trend or seasonality for the single precipitation station

Galax Radio.
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2.6.2.2 Fecal Coliform Concentrations

Water quality monitoring data collected by VADEQ were described in section 2.2.1.1. The
trend analysis was conducted on data, if sufficient, collected at stations used in TMDL
assessment. An overall, long-term decrease in fecal coliform concentrations was detected at
station 9-CST002.64. The slope of this decrease was estimated at —10.526 cfu/100 mL/yr.

Table 2.6 Summary of trend analysis on fecal coliform (cfu).

Station Mean Median Max Min spt N2 Significant
Trend
9-CST002.64 927 200 6,000 0 1,630 186 -10.526

SD: standard deviation, °N: number of sample measurements

Differences in mean monthly fecal coliform concentration for station 9-CST002.64 are
indicated in Table 2.7. Fecal coliform concentrations in months with the same median group
letter are not significantly different from each other at the 95% significance level. For
example, August and September are both in median group “B” and are not significantly
different from each other. Fecal coliform concentrations in months with multiple groups are
the result of the 95% confidence interval, for that month, overlapping more than one median
group. For example, fecal coliform values during the months of January, February, April,
May, July, October, November, and December are classified in both median groups “A” and

“B” and are not significantly different than either group.

Table 2.7 Summary of the Mood Median Test on mean monthly fecal coliform
counts at station 9-CST02.64 (p=0.031).

Mean Minimum Maximum

Month (cfu) (cfu) (cfu) Median Groups
January 1,336.364 0 6,000 A B
February 882 0 6,000 A B
March 100 0 400 A
April 570.5882 0 5,500 A B
May 1,394.5 0 6,000 A B
June 1,156.25 0 6,000 B
July 1,484.615 0 6,000 A B
August 1,286.842 70 6,000 B
September  1,463.636 100 6,000 B
October 318.8235 0 1,600 A B
November 315.625 10 900 A B
December 1,169.286 0 6,000 A B
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2.6.2.3 Summary of In-stream Water Quality Monitoring Data

A wide range of fecal coliform concentrations has been recorded in the watershed.
Concentrations reported during TMDL development were within the range of historical
values reported by VADEQ during TMDL assessment. Exceedances of the instantaneous
standard were reported in all flow regimes, leaving no apparent relationship between flow

and water quality.
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3. SOURCE ASSESSMENT

The TMDL development described in this report includes examination of all potential
sources of fecal coliform in the Chestnut Creek watershed. The source assessment was used
as the basis of model development and ultimate analysis of TMDL allocation options. In
evaluation of the sources, loads were characterized by the best available information,
landowner input, literature values, and local management agencies. This section documents
the available information and interpretation for the analysis. The source assessment chapter
is organized into point and non-point sections. The representation of the following sources in

the model is discussed in Section 4.

3.1 Watershed Characterization

The National Land Cover Data (NLCD) produced cooperatively between USGS and the EPA
was utilized for this study. The collaborative effort to produce this dataset is part of a Multi-
Resolution Land Characteristics (MRLC) Consortium project led by four U.S. government
agencies: EPA, USGS, the Department of the Interior National Biological Service (NBS),
and the National Oceanic and Atmospheric Administration (NOAA). Using 30-meter
resolution Landsat 5 Thematic Mapper (TM) satellite images taken between 1990 and 1994,
digital land use coverage was developed identifying up to 21 possible land use types.
Classification, interpretation, and verification of the land cover dataset involved several data
sources (when available) including: aerial photography; soils data; population and housing
density data; state or regional land cover data sets; USGS land use and land cover (LUDA)
data; 3-arc-second Digital Terrain Elevation Data (DTED) and derived slope, aspect and
shaded relief; and National Wetlands Inventory (NWI) data. Approximate acreages and land

use proportions for the impaired watershed are given in Table 3.1.
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Table 3.1 Contributing land use area.

Chestnut Creek watershed

Land use Acreage

Virginia:

Agricultural 13,741
Cropland 614
Livestock Access 504
Pasture / Hay 12,622

Forest 20,862

Urban 2,523
Barren 13.2
Commercial 890
Residential 1,620

Water 437

Wetlands 31.0

VA Total 37,594

North Carolina:

Agricultural 468
Cropland 22.03
Livestock Access 15.88
Pasture / Hay 430

Forest 881

Urban 9.5
Barren 0.67
Commercial 1.2
Residential 7.6

Water 15.7

Wetlands 0.44

NC Total 1,375

The land area of the Chestnut Creek watershed is approximately 38,969 acres, with forest and
agriculture as the primary land covers and land uses (Figure 3.1). The North Carolina

portion of the watershed accounts for only 3.7% of the land area.
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Figure 3.1  Land use in the Chestnut Creek watershed.

The estimated human population within the Chestnut Creek drainage area is 11,137 (United
States Census Bureau (USCB), 1990, 2000). Among Virginia counties, Carroll County ranks
13™ for the number of all cattle and calves, 13" for beef cattle, 16™ for dairy cows and 28"
for production of corn silage; Grayson County ranks 19" for the number of all cattle and
calves, 21° for beef cattle, 10" for dairy cows and 37" for production of corn silage (Virginia
Agricultural Statistics, 2002). Carroll County is also home to 379 species of wildlife,
including 51 types of mammals (e.g., beaver, raccoon, and white - tailed deer) and 161 types
of birds (e.g., wood duck, wild turkey, Canada goose); Grayson County is also home to 379

species of wildlife, including 58 types of mammals, and 163 types of birds (VDGIF, 2005).

For the period 1948 to 2004, the Chestnut Creek watershed received average annual
precipitation of approximately 43.34 inches, with 54% of the precipitation occurring during

the May through October growing season (SERCC, 2005). Average annual snowfall is 19.2
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inches with the highest snowfall occurring during January (SERCC, 2005). Average annual
daily temperature is 52.2 °F. The highest average daily temperature of 82.3 °F occurs in July,
while the lowest average daily temperature of 22.1 °F occurs in January (SERCC, 2005).

3.2 Assessment of Point Sources

Sixteen permitted point sources are associated with the Chestnut Creek watershed through
the Virginia Pollutant Discharge Elimination System (VPDES). Figure 3.2 shows the
permitted locations in the watershed. Permit number VA0021075 historically discharged to
Chestnut Creek, however the outfall has been moved, and it now discharges directly to the
New River under permit number VA0078484. Permitted point discharges that may contain
pathogens associated with fecal matter are required to maintain a fecal coliform
concentration below 200 cfu/100 mL. Currently, these permitted dischargers are expected
not to exceed the 126 cfu/100mL E. coli standard. Table 3.2 summarizes data from these

point sources.

VA0052680

VANO82333 ".@ -
5
VARO50014 VARO50019
VARI00070 bt
N o VAROS0049
VAOO78484 \ ® VARIOO556
[T
VARO50012 I(/ ] VAG400439
» Al
VARO500135, JJY_‘Q L VAGA00062
VARG50099, F
VARO50101,
VARDSIS57
VAROS0100
& Construction Storm Water Discharges /\ / Benthic and Fecal Impairments
@  Independent Stormwater Discharges /\ / Fecal Impairment
Eal VPDES Discharges Roads
[®] Domestic Sewage Discharges SN/ Stream Network

Watershed Boundary

4 0 4 8 Miles

Figure 3.2  Location of VPDES permitted discharges in the Chestnut Creek
watershed.
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Table 3.2 Summary of VPDES permitted discharges in the Chestnut Creek
watershed.
Design Permitted Receivin
Facility Name Permit No Flow For Fecal Time Period Streamg
(MGD) Control
Galax WTP VA0052680 0.072 No 6/95-6/00  Chestnut Creek
gi‘t’gey""e" -GossanMine ;A 00g2333  0.212 No 1/90 - Present  Chestnut Creek
VA0021075/ 1/90 - 4/91  Chestnut Creek
Galax WWTP VA0078484 3.0 es 4/91 - Present New River
. . 1/90 — Ward’s Mill
Domestic Sewage Discharge  VAG400062 0.001 Yes Present Creek, UT
Domestic Sewage Discharge  VAG400439 0.001 Yes Plr/(?s%r:t Miller Branch
Vaughan Bassett Furniture VAR050012 NA No 1/94 - Chestnut Creek
Company Present
Vaughan Furniture 1/94 —
Company, Inc. - B. C. VARO050014 NA No P Chestnut Creek
resent
Vaughan Plant
Vaughan Furniture 1/94 —
Company, Inc. —E. C. VARO050015 NA No Chestnut Creek
Present
Dodson Plant
Consolidated Glass & Mirror 1/94 - Chestnut
Corporation VAR050019 NA No Present Creek, UT
National Textiles, Galax VARO50049 NA No 1/94 - Mill Creek
Plant Present
Webb Furniture Enterprises, VARO50099 NA No 1/94 - Chestnut Creek
Plant 1 Present
Webb Furniture Enterprises, VARO50100 NA No 1/94 - Chestnut Creek
Plant 2 Present
Webb Furniture Enterprises,  \,Apos0101 NA No 194 =" Chestnut Creek
Inc. — Particle Present
Rolling Frito Lay Sales LP -\ apos1557 — NA No 1/2004 = o ocinut Creek
Galax Bins Present
Vaughan Furniture Company 6/99 — Chestnut
Inc. — Corporate Offices VAR100070 NA No Present Creek, UT
VDOT VAR100556 NA No 10/01 - Miller Branch
Present
* NA — Not available
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3.3 Assessment of Nonpoint Sources

In the Chestnut Creek watershed, both urban and rural nonpoint sources of fecal coliform
bacteria were considered. Sources include residential sewage treatment systems, livestock,
wildlife, and pets, and were identified and enumerated. MapTech collected samples of fecal
coliform sources (i.e., wildlife, livestock, and human waste) and enumerated the density of
fecal coliform bacteria to support the modeling process, and to expand the database of known
fecal coliform sources for purposes of bacterial source tracking (Section 2.6.1). Where
appropriate, spatial distribution of sources was also determined.

3.3.1 Private Residential Sewage Treatment

On U.S. Census questionnaires, housing occupants were asked which type of sewage
disposal existed. Houses can be connected to a public sanitary sewer, a standard septic
system, or the sewage is disposed of in some other way. The Census category “Other
Means” includes the houses that dispose of sewage other than by public sanitary sewer or a
private septic system. The houses included in this category are assumed to be disposing
sewage directly to the stream, unless local information leads to an improved estimate.
Population, housing units, and type of sewage treatment from U.S. Census Bureau were
calculated using GIS (Table 3.3).

Table 3.3 Human population, housing units, houses on sanitary sewer, septic
systems, and other sewage disposal systems for 2005 in the Chestnut

Creek watershed.
. Housing Sanitary Septic -
State Population Units Sewer Systems Other
VA 11,137 5,347 2,630 2,620 97
NC 109 56 3 49 4

* Houses with sewage disposal systems other than sanitary sewer and septic systems.

Sanitary sewers are piping systems designed to collect wastewater from individual homes
and businesses and carry it to a wastewater treatment plant. Sewer systems are designed to
carry a specific "peak flow" volume of wastewater to the treatment plant. Within this design
parameter, sanitary collection systems are not expected to overflow, surcharge or otherwise
release sewage before their waste load is successfully delivered to the wastewater treatment

plant.
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When the flow of wastewater exceeds the design capacity, the collection system will "back
up" and sewage discharges through the nearest escape location. These discharges into the
environment are called overflows. Wastewater can also enter the environment through

exfiltration caused by line cracks, joint gaps, or breaks in the piping system.

Typical private residential sewage treatment systems (septic systems) consist of a septic tank,
distribution box, and drainage field. Waste from the household flows first to the septic tank,
where solids settle out and are periodically removed by a septic tank pump-out. The liquid
portion of the waste (effluent) flows to the distribution box, where it is distributed among
several buried, perforated pipes that comprise the drainage field. Once in the soil, the
effluent flows downward to groundwater, laterally to surface water, and/or upward to the soil
surface. Removal of fecal coliform is accomplished primarily by die-off during the time
between introduction to the septic system and eventual introduction to naturally occurring
waters. Properly designed, installed, and functioning septic systems contribute virtually no

fecal coliform to surface waters.

A septic failure occurs when a drain field has inadequate drainage or a "break™, such that
effluent flows directly to the soil surface, bypassing travel through the soil profile. In this
situation the effluent is either available to be washed into waterways during runoff events or
is directly deposited in-stream due to proximity. A survey of septic pump-out contractors
performed by MapTech showed that failures were more likely to occur in the winter-spring
months than in the summer-fall months, and that a higher percentage of system failures were

reported because of a back-up to the household than because of a failure noticed in the yard.

MapTech sampled waste from septic tank pump-outs and found an average fecal coliform
density of 1,040,000 cfu/100 mL. An average fecal coliform density for human waste of
13,000,000 cfu/g and a total waste load of 75 gal/day/person was reported by Geldreich
(1978).

3.3.2 Pets

Among pets, cats and dogs are the predominant contributors of fecal coliform in the
watershed and were the only pets considered in this analysis. Cat and dog populations were
derived from American Veterinary Medical Association Center for Information Management
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demographics in 1997. Dog waste load was reported by Weiskel et al. (1996), while cat
waste load was measured. Fecal coliform density for dogs and cats was measured from
samples collected throughout Virginia by MapTech. A summary of the data collected is
given in Table 3.4. Table 3.5 lists the domestic animal populations for the impairment in the

Chestnut Creek watershed.

Table 3.4 Domestic animal population density, waste load, and fecal coliform
density for the Chestnut Creek watershed (VA section).

Type Population Density Waste load FC Density
(an/house) (g/an-day) (cfulg)
Dog 0.534 450 480,000
Cat 0.598 19.4 9

Table 3.5 Estimated domestic animal populations in the Chestnut Creek watershed.

State Dogs Cats
VA 2,855 3,198
NC 28 31

3.3.3 Livestock

The predominant types of livestock in the Chestnut Creek watershed are cattle and horses
although all types of livestock identified were considered in modeling the watershed. Animal
populations were based on communication with the New River Soil and Water Conservation
District (NRSWCD), landowner input, watershed visits, and review of all publicly available
information on animal type and approximate numbers known to exist within Carroll and
Grayson counties. Table 3.6 gives a summary of livestock populations in the Chestnut Creek
watershed. Beef cattle and dairy cattle values represent the number of producing animals.
Values of fecal coliform density of livestock sources were based on previous sampling
performed by MapTech. Reported manure production rates for livestock were taken from
ASAE, 1998. A summary of fecal coliform density values and manure production rates is

presented in Table 3.7.
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Table 3.6 Current livestock populations in the Chestnut Creek watershed.

Total Beef Dairy

State Cattle Cattle Cattle Hogs Horses Sheep
VA 7,800 2,679 245 16 295 84
NC 304 106 0 0 12 5

Table 3.7 Average fecal coliform densities and waste loads associated with livestock.

Tvpe Waste Load Fecal Coliform Density
yp (Ib/d/an) (cfulg)
Beef (850 Ib) 46.4 101,000
Dairy (1,400 Ib) 120.4 271,329
Hog (135 Ib) 113 400,000
Horse (1,000 Ib) 51.0 94,000
Sheep (60 Ib) 2.4 43,000

Fecal coliform produced by livestock can enter surface waters through four pathways. First,
waste produced by animals in confinement is typically collected, stored, and applied to the
landscape (e.g., pasture and cropland), where it is available for wash-off during a runoff-
producing rainfall event. Second, grazing livestock deposit manure directly on the land,
where it is available for wash-off during a runoff-producing rainfall event. Third, livestock
with access to streams occasionally deposit manure directly in streams. Fourth, some animal
confinement facilities have drainage systems that divert wash-water and waste directly to
drainage ways or streams. No permitted Confined Animal Feeding Operations (CAFOSs)
were identified in the Chestnut Creek watershed, however four small dairy operations were
located through discussions with NRSWCD and VADCR.

All livestock were expected to deposit some portion of waste on land areas. The percentage
of time spent on pasture for beef cattle was reported by NRSWCD (Table 3.8). Horses and

goats were assumed to be in pasture 100% of the time.

Based on discussions with NRSWCD and NRCS, it was concluded that beef cattle were
expected to make a significant contribution through direct deposition to streams, where
access was available. The average amount of time spent by beef cattle in stream access areas

(i.e., within 50 feet of the stream) for each month is given in Table 3.8.
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Table 3.8 Average time beef cows not confined in feedlots spend in pasture and
stream access areas per day.

Pasture Stream Access

Month (hr) (hr)
January 23.3 0.7
February 23.3 0.7
March 23.0 1.0
April 22.6 14
May 22.6 1.4
June 22.3 1.7
July 22.3 1.7
August 22.3 1.7
September 22.6 14
October 23.0 1.0
November 23.0 1.0
December 23.3 0.7
3.3.4 Wildlife

The predominant wildlife species in the watershed were determined through consultation
with wildlife biologists from the Virginia Department of Game and Inland Fisheries
(VDGIF), United States Fish and Wildlife Service (FWS), citizens from the watershed,
source sampling, and site visits. Population densities were calculated from data provided by
VDGIF and FWS, and are listed in Table 3.9 (Bidrowski, 2004; Farrar, 2003; Fies, 2004;
Knox, 2004; Norman, 2004; and Rose and Cranford, 1987). The numbers of animals
estimated to be in the Chestnut Creek watershed are reported in Table 3.10. Habitats were
determined based on information obtained from The Fire Effects Information System
(http://www.fs.fed.us/database/feis, 1999; VDGIF (Costanzo, 2003; Norman, 2003; Rose and
Cranford, 1987; and VDGIF, 1999)). Fecal coliform densities and estimated percentages of

time spent in stream access areas (i.e., within 100 feet of stream) are reported in Table 3.11.
Where available, fecal coliform densities were based on previous sampling of wildlife scat
performed by MapTech, except for beaver. The fecal coliform density of beaver waste was
taken from sampling done for the Mountain Run TMDL development (Yagow, 1999).
Percentage of time spent in stream access areas and percentage of waste directly deposited to
streams was based on habitat information and location of feces during source sampling.
Table 3.12 summarizes habitat and fecal production information. Waste loads were
comprised from literature values and discussion with VDGIF personnel (ASAE, 1998;
Bidrowski, 2003; Costanzo, 2003; Weiskel et al., 1996; and Yagow, 1999).
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Table 3.9 Wildlife population densities in the Chestnut Creek watershed (density / acre primary habitat).
Deer Turkey Goose Duck Muskrat Raccoon Beaver
(an/ac of (an/ac of (an/ac of (an/ac of (an/ac of (an/ac of (an/mi of
habitat) habitat) habitat) habitat) habitat) habitat) stream)
0.0277 0.0077 0.0035 0.0094 2.7500 0.0703 3.8000
Table 3.10  Wildlife populations in the Chestnut Creek watershed.
State Deer Turkey Goose Duck Muskrat Raccoon Beaver
VA 971 263 18 49 3,364 697 240
NC 71 13 1 2 142 32 9
Table 3.11  Average fecal coliform densities and percentage of time spent in stream access areas for wildlife.
Fecal Coliform Portion of Day in
Animal Type Density Stream Access Areas
(cfu/g) (%)
Raccoon 2,100,000 5
Muskrat 1,900,000 90
Beaver 1,000 100
Deer 380,000 )
Turkey 1,332 5
Goose 250,000 50
Duck 3,500 75
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Table 3.12  Wildlife fecal production rates and habitat.

Animal Waste Load Habitat
(g/an-day)

Primary = region within 600 ft of perennial streams
Secondary = region between 601 and 7,920 ft from perennial streams

Raccoon 450 Infrequent/Seldom = rest of watershed area including waterbodies
(lakes, ponds)
Primary = waterbodies, and land area within 66 ft from the edge of
perennial streams, and waterbodies
Secondary = region between 67 and 308 ft from perennial streams,
Muskrat 100 and waterbodies
Infrequent/Seldom = rest of the watershed area
Primary = Perennial streams. Generally flat slope regions (slow
L moving water), food sources nearby (corn, forest, younger trees)
Beaver 200
Infrequent/Seldom = rest of the watershed area
Primary = forested, harvested forest land, orchards,
grazed woodland, urban grassland, cropland, pasture,
wetlands, transitional land
Deer 772 Secondary = low density residential, medium density residential
Infrequent/Seldom = remaining land use areas
Primary = forested, harvested forest land, grazed woodland, orchards,
wetlands, transitional land
Turkey? 320 Secondary = cropland, pasture

Infrequent/Seldom = remaining land use areas

Primary = waterbodies, and land area within 66 ft from the edge of
perennial streams, and waterbodies
295 Secondary = region between 67 and 308 ft from perennial streams,

Goose® :
and waterbodies

Infrequent/Seldom = rest of the watershed area

Primary = waterbodies, and land area within 66 ft from the edge of
perennial streams, and waterbodies
Duck 150 Secondary = region between 67 and 30_8 ft from perennial streams,
and waterbodies

Infrequent/Seldom = rest of the watershed area

Beaver waste load was calculated as twice that of muskrat, based on field observations.

Waste load for domestic turkey (ASAE, 1998).

*Goose waste load was calculated as 50% greater than that of duck, based on field observations and
conversation with Gary Costanzo (Costanzo, 2003).
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4. MODELING PROCEDURE: LINKING THE SOURCES TO THE
ENDPOINT — FECAL BACTERIA

Establishing the relationship between in-stream water quality and the source loadings is a
critical component of TMDL development. It allows for the evaluation of management
options that will achieve the desired water quality endpoint. In the development of TMDLs
for the Chestnut Creek watershed, the relationship was defined through computer modeling
based on data collected throughout the watershed. Monitored flow and water quality data
were then used to verify that the relationships developed through modeling were accurate. In
this section, the selection of modeling tools, parameter development, calibration, and model

application are discussed.

4.1 Modeling Framework Selection

The USGS Hydrologic Simulation Program - Fortran (HSPF) water quality model was
selected as the modeling framework to simulate existing conditions and to perform TMDL
allocations. The HSPF model is a continuous simulation model that can account for nonpoint
source (NPS) pollutants in runoff, as well as pollutants entering the flow channel from point
sources. In establishing the existing and allocation conditions, seasonal variations in
hydrology, climatic conditions, and watershed activities can be explicitly accounted for in the
model. The use of HSPF allowed for consideration of seasonal aspects of precipitation

patterns within the watershed.

The HSPF model simulates a watershed by dividing it up into a network of stream segments
(each referred to in the model as a RCHRES), impervious land areas (IMPLND) and
pervious land areas (PERLND). Each subwatershed contains a single RCHRES, modeled as
an open channel, and numerous PERLNDs and IMPLNDs, representing the various land uses
in that subwatershed. Water and pollutants from the land segments in a given subwatershed
flow into the RCHRES in that subwatershed. Point discharges and withdrawals of water and
pollutants are simulated as flowing directly to or withdrawing from a particular RCHRES as
well. Water and pollutants from a given RCHRES flow into the next downstream RCHRES.
The network of RCHRESS is constructed to mirror the configuration of the stream segments
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found in the physical world. Therefore, activities simulated in one impaired stream segment
affect the water quality downstream in the model.

4.2 Model Setup

4.2.1 Hydrologic Model Setup

Daily precipitation data was available within the Chestnut Creek watershed at the Galax
Radio WBRF NCDC Coop station #443267 (Figure 4.1). The few missing values were filled
with daily precipitation from the Wytheville 1S NCDC Coop station #449301. The resulting
daily precipitation was disaggregated into hourly precipitation using the distribution from the
Woodlawn IFLOWS station #1004.

To adequately represent the spatial variation in the Chestnut Creek watershed, the drainage
area was divided into nine subwatersheds (Figure 4.1). The hydrologic model for Chestnut
Creek was calibrated at the outlet of subwatershed 3 with data from USGS Station
#03165000 in Galax, VA.

The rationale for choosing subwatersheds was based on the availability of surface flow data
and water quality data (fecal coliform), which were available at specific locations throughout
the watershed. Subwatershed outlets were chosen to coincide with monitoring stations, since
output from the model can only be obtained at the modeled subwatershed outlets. The spatial
division of the watershed allowed for a more refined representation of pollutant sources, and

a more realistic description of hydrologic factors in the watershed.
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9 Subwatersheds

O Galax Weather Station - 443267
& Flow Station
Monitoring Stations
Benthic and Fecal Impairments
/\/ Fecal Impairment
/\/ Stream Network
| Subwatersheds

4 0 4 Miles

Figure 4.1  Subwatersheds delineated for modeling the hydrology and water
guality of the Chestnut Creek watershed.

Using MRLC and U.S. Census Bureau TIGER (Topologically Integrated Geographic
Encoding and Referencing), land use types in the modeled watersheds were identified. The
land use types were consolidated into nine categories based on similarities in hydrologic
features pollutant loadings (Tables 4.1 and 4.2). Within each subwatershed, up to the nine
land use categories were represented. Each land use had parameters associated with it that
described the hydrology of the area (e.g., average slope length) and the behavior of
pollutants. These land use types are represented in HSPF as PERLNDs and IMPLNDs.
Impervious areas are represented in three IMPLND types, while there are nine PERLND
types, each with parameters describing a particular land use (Tables 4.1 and 4.2). Some

IMPLND and PERLND parameters (e.g., slope length) vary with the particular subwatershed

MODELING PROCEDURE 4-3



TMDL Development

Draft

Chestnut Creek, VA

in which they are located. Others (e.g., upper zone storage) vary with the season to account

for plant growth, die-off, and removal.

Table 4.1

Land use categories for the Chestnut Creek watershed.

TMDL Land use

Categories

Pervious /
Impervious (%)

Land use Classifications

(MRLC Class No. where applicable)

Barren

Commercial

Cropland

Forest

Livestock Access

Pasture

Residential

Water

Wetlands

Pervious (80%)
Impervious (20%)

Pervious (80%)
Impervious (20%)

Pervious (100%)

Pervious (100%)

Pervious (100%)

Pervious (100%)

Pervious (80%)
Impervious (20%)

Pervious (100%)

Pervious (100%)

Bare Rock/Sand/Clay (31)

Quarries/Strip Mines/Gravel Pits (32)

Commercial/Industrial/Transportation (23)

Row Crops (82)
Deciduous Forest (41)
Evergreen Forest (42)

Mixed Forest (43)
Pasture/Hay (81) near streams

Pasture/Hay (81)

Low Intensity Residential (21)
High Intensity Residential (22)

Urban/Recreational Grasses (85)

Open Water (11)
USGS Digital Line Graph Water

Woody Wetlands (91)

Emergent Herbaceous Wetlands (92)
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Table 4.2 Contributing land use area for the Chestnut Creek watershed.

Chestnut Creek watershed
Land use

(acres)
Barren 13.83
Commercial 891.44
Cropland 636.13
Forest 21,742.95
Livestock Access 520.00
Pasture/Hay 13,052.80
Residential 1,627.42
Water 452.95
Wetlands 31.41
Total 38,968.94

4.2.2 Fecal Coliform Water Quality Model Setup

Die-off of fecal coliform can be handled implicitly or explicitly. For land-applied fecal
matter (fecal matter deposited directly on land), die-off occurring in the field was represented
implicitly through model parameters such as the maximum accumulation and the 90% wash
off rate, which were adjusted during the calibration of the model. These parameters were
assumed to represent not only the delivery mechanisms, but the bacteria die-off as well.
Once the fecal coliform entered the stream, the general decay module of HSPF was
incorporated, thereby explicitly addressing the die-off rate. The general decay module uses a

first order decay function to simulate die-off.

4.3 Fecal Coliform Source Representation

Both point and nonpoint sources can be represented in the model. In general, point sources
are added to the model as a time-series of pollutant and flow inputs to the stream. Land-
based nonpoint sources are represented as an accumulation of pollutants on land, where some
portion is available for transport in runoff. The amount of accumulation and availability for
transport varies with land use type and season. The model allows for a maximum
accumulation to be specified. The maximum accumulation was adjusted seasonally to
account for changes in die-off rates, which are dependent on temperature and moisture
conditions. Some nonpoint sources, rather than being land-based, are represented as being
deposited directly to the stream (e.g., animal defecation in stream). These sources are

modeled similarly to point sources, as they do not require a runoff event for delivery to the
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stream. These sources are primarily due to animal activity, which varies with the time of
day. Direct depositions by nocturnal animals were modeled as being deposited from 6:00
PM to 6:00 AM, and direct depositions by diurnal animals were modeled as being deposited
from 6:00 AM to 6:00 PM. Once in stream, die-off is represented by a first-order

exponential equation.

Much of the data used to develop the model inputs for modeling water quality is time-
dependent (e.g., population). Depending on the time frame of the simulation being run,
different numbers should be used. For modeling Chestnut Creek fecal coliform loads, data
representing 1996 were used for the water quality calibration period (10/1/1994 — 9/30/1998).
Data representing 2005 were used for the allocation runs in order to represent current

conditions for the impairment.

4.3.1 Point Sources

For permitted point discharges (Table 3.2 and Figure 3.2), specific flow data over time
provided by VADEQ was used during hydrology and FC calibration. Design flow capacities
were used for allocation runs. For allocations, the design flow rate was combined with a
fecal coliform concentration of 200 cfu/100 mL (for discharges permitted for fecal control) to
ensure that compliance with state water quality standards can be achieved even if the
facilities were discharging at the maximum allowable flow rate. Figure 3.2 shows the
location of all permits active during the modeling time periods. Table 3.2 gives detail of

each permited discharge.

Nonpoint sources of pollution that were not driven by runoff (e.g., direct deposition of fecal
matter to the stream by wildlife) were modeled similarly to point sources. These sources, as

well as land-based sources, are identified in the following sections.

4.3.2 Private Residential Sewage Treatment

Through GIS, the number of septic systems in the subwatersheds modeled for the Chestnut
Creek watershed was calculated by overlaying U.S. Census Bureau data (USCB, 1990;
USCB, 2000) with the watershed to enumerate the septic systems. Households were then
distributed among residential land use types. Each land use area was assigned a number of

septic systems based on census data. It was estimated that a total of 2,311 septic systems
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were in the Chestnut Creek watershed in 1996. During allocation runs, the number of
households was projected to 2005 values (based on current county growth rates -- USCB,
2000) resulting in 2,620 septic systems in the Chestnut Creek watershed (Table 4.3).

Table 4.3 Estimated failing septic systems and straight pipes (2005) for the
Chestnut Creek watershed.

State Total Septic Failing Septic Straight

Systems Systems Pipes
VA 2,620 1,280 97
NC 49 16 4

4.3.2.1 Failing Septic Systems

Failing septic systems were assumed to deliver all effluent to the soil surface where it was
available for wash-off during a runoff event. In accordance with estimates from Raymond B.
Reneau, Jr. of the Crop and Soil Environmental Sciences Department at Virginia Tech, a
40% failure rate for systems designed and installed prior to 1964, a 20% failure rate for
systems designed and installed between 1964 and 1984, and a 5% failure rate on all systems
designed and installed after 1984 was used in the development of TMDLs for the Chestnut
Creek watershed (Reneau, 2000). Total septic systems in each category were calculated
using U.S. Census Bureau block demographics. The applicable failure rate was multiplied by
each total and summed to get the total failing septic systems per subwatershed. The fecal
coliform density for septic system effluent was multiplied by the average design load for the
septic systems in the subwatershed to determine the total load from each failing system.
Additionally, the loads were distributed seasonally based on a survey of septic pump-out

contractors to account for more frequent failures during wet months.

4.3.2.2 Uncontrolled Discharges

Uncontrolled discharges were estimated using 1990 U.S. Census Bureau block
demographics. Houses listed in the Census sewage disposal category “other means” were
assumed to be disposing sewage via uncontrolled discharges such as straight pipes.
Corresponding block data and subwatershed boundaries were intersected to determine an
estimate of uncontrolled discharges in each subwatershed. After public comment on the

estimated numbers indicated that uncontrolled discharges were not being represented
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adequately, an informal survey was conducted by local Virginia Department of Health
(VDH) personnel, and the numbers were adjusted accordingly (Table 4.3). Fecal coliform
loads for each discharge were calculated based on the fecal density of human waste and the
waste load for the average size household in the subwatershed. The loadings from
uncontrolled discharges were applied directly to the stream in the same manner that point
sources are handled in the model. A total suspended solids concentration from human waste
was estimated as 320 mg/L (Lloyd, 2004). This is discussed further in Chapter 9.

4.3.2.3 Sewer System Overflows

During the model calibration and allocation periods, there were recorded overflow events in
and around the city of Galax, Virginia (subwatersheds 4 and 5). The flow of water and fecal

coliform bacteria were modeled as time series inputs directly to the stream.

4.3.3 Livestock

Fecal coliform produced by livestock can enter surface waters through four pathways: land
application of stored waste, deposition on land, direct deposition to streams, and diversion of
wash-water and waste directly to streams. Due to the lack of confined animal facilities in
these watersheds, only deposition on land and direct deposition to streams are accounted for
in the model. The number of fecal coliform directed through each pathway was calculated by
multiplying the fecal coliform density with the amount of waste expected through that
pathway. Livestock numbers for 1996 were used for calibration and numbers for 2005 were
used for allocation for Chestnut Creek. The numbers are estimated by Virginia Agricultural
Statistics (VASS, 1995 and VASS, 2002) and then verified by the NRSWCD and the local
community. Growth rates were taken into account in Carroll and Grayson counties as
determined from data reported by the Virginia Agricultural Statistics Service (VASS, 1995
and VASS, 2002). The fecal coliform density in as-excreted manure was used to calculate

the load for deposition on land and to streams (Table 3.7).

4.3.3.1 Deposition on Land

For cattle, the amount of waste deposited on land per day was a proportion of the total waste
produced per day. The proportion was calculated based on the study entitled “Modeling

Cattle Stream Access” conducted by the Biological Systems Engineering Department at
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Virginia Tech and MapTech, Inc. (2002) for VADCR. The proportion was based on the
amount of time spent in pasture, but not in close proximity to accessible streams, and was

calculated as follows:
Proportion = [(24 hr) — (time in confinement) — (time in stream access areas)]/(24 hr)

All other livestock (horse and goat) were assumed to deposit all feces on pasture. The total
amount of fecal matter deposited on the pasture land use type was area-weighted.

4.3.3.2 Direct Deposition to Streams

The amount of waste deposited in streams by livestock each day was a proportion of the total
waste produced per day by cattle. First, the proportion of manure deposited in “stream
access” areas was calculated based on the “Modeling Cattle Stream Access” study. The

proportion was calculated as follows:
Proportion = (time in stream access areas)/(24 hr)

For the waste produced on the “stream access” land use, 30% of the waste was modeled as
being directly deposited in the stream and 70% remained on the land segment adjacent to the
stream. The 70% was treated as manure deposited on land. However, applying it in a
separate land use area (stream access) allows the model to consider the proximity of the
deposition to the stream. The 30% that was directly deposited to the stream was modeled in

the same way that point sources are handled in the model.

4.3.4 Biosolids

Investigation of VDH data indicated that no biosolids applications have occurred within the

Chestnut Creek watershed. For fecal bacteria modeling, biosolids were not included.

4.3.5 Wildlife

For each species, a GIS habitat layer was developed based on the habitat descriptions that
were obtained (Section 3.3.4). An example of this is shown in Figure 4.2. This layer was
overlaid with the land use layer and the resulting area was calculated for each land use in
each subwatershed. The number of animals per land segment was determined by multiplying

the area by the population density. Fecal coliform loads for each land segment were
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calculated by multiplying the waste load, fecal coliform densities, and number of animals for

each species.

Raccoon Habitat
Primary
Secondary
B Infrequent / Seldom

A

] 2 4 Miles

Figure 4.2  Example of raccoon habitat layer in the Chestnut Creek watershed as
developed by MapTech.

Seasonal distribution of waste was determined using seasonal food preferences for deer and
turkey. Goose and duck populations were varied based on migration patterns, but the load
available for delivery to the stream was never reduced below 40% of the maximum to
account for the resident population of birds. For each species, a portion of the total waste
load was considered to be land-based, with the remaining portion being directly deposited to
streams. The portion being deposited to streams was based on the amount of time spent in
stream access areas (Table 3.12). For all animals other than beaver, it was estimated that 5%
of fecal matter produced while in stream access areas was directly deposited to the stream.
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For beaver, it was estimated that 100% of fecal matter would be directly deposited to
streams. No long-term (1990-2005) projections were made to wildlife populations, as there

was no available data to support such adjustments.

4.3.6 Pets

Cats and dogs were the only pets considered in this analysis. Population density
(animals/house), waste load, and fecal coliform density are reported in Section 3.3.2. Waste
from pets was distributed in the residential land uses. The locations of households were
taken from census reports from 1990 and 2000 (USCB, 1990; USCB, 2000). Using GIS, the
land use and household layers were overlaid, which resulted in number of households per
land use. The number of animals per land use was determined by multiplying the number of
households by the population density. The amount of fecal coliform deposited daily by pets
in each land use segment was calculated by multiplying the waste load, fecal coliform
density, and number of animals of both cats and dogs. The waste load was assumed not to
vary seasonally. The population figures for cats and dogs were projected from 1990 data to
1992, 1996, and 2005.

4.4 Stream Characteristics

HSPF requires that each stream reach be represented by constant characteristics (e.g., stream
geometry and resistance to flow). In order to determine a representative stream profile for
each stream reach, cross-sections were surveyed at locations that were representative of the

stream for the modeled subwatersheds.

Most of the sections exhibited distinct flood plains with pitch and resistance to flow
significantly different from that of the main channel slopes. The streambed, channel banks,
and flood plains were identified. Once identified, the streambed width and slopes of channel
banks and flood plains were calculated using the survey data. A representative stream profile
for each surveyed cross-section was developed and consisted of a trapezoidal channel with
pitch breaks at the beginning of the flood plain (Figure 4.3). With this approach, the flood
plain can be represented differently from the streambed. To represent the entire reach,

profile data collected at each end of the reach were averaged.
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Figure 4.3  Stream profile representation in HSPF.

Conveyance was used to facilitate the calculation of discharge in the reach with different
values for resistance to flow (i.e., Manning’s n) assigned to the flood plains and streambeds.
The conveyance was calculated for each of the two flood plains and the main channel; these
figures were added together to obtain a total conveyance. Calculation of conveyance was
performed following the procedure described by Chow (1959). The total conveyance was
then multiplied by the square root of the average reach slope to obtain the discharge (ft*/s) at
a given depth.

A key parameter used in the calculation of conveyance is the Manning’s roughness
coefficient, n. There are many ways to estimate this parameter for a section. The method
first introduced by Cowan (1956) and adopted by the Soil Conservation Service (1963) was
used to estimate Manning’s n. This procedure involves a 6-step process of evaluating the
properties of the reach, which is explained in more detail by Chow (1959). Field data
describing the channel bed, bank stability, vegetation, obstructions, and other pertinent
parameters were collected. Photographs were also taken of the sections while in the field.
Once the field data were collected, they were used to estimate the Manning’s roughness
coefficient for the section observed. The pictures were compared to pictures contained in

Chow (1959) for validation of the estimates of the Manning’s n for each section.
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The result of the field inspections of the reach sections was a set of characteristic slopes
(channel sides and field plains), bed widths, heights to flood plain, and Manning’s roughness
coefficients. Average reach slope and reach length were obtained from GIS layers of the
watershed, which included elevation from Digital Elevation Models (DEMs) and a stream-
flow network developed from high resolution National Hydrologic Dataset (NHD) data.
These data were used to derive the Hydraulic Function Tables (F-tables) used by the HSPF
model (Table 4.4). The F-tables consist of four columns: depth (ft), area (ac), volume (ac-ft),
and outflow (ft®/s). The depth represents the possible range of flow, with a maximum value
beyond what would be expected for the reach. The area listed is the surface area of the
stream reach or reservoir in acres. The volume corresponds to the total volume of the flow in
the reach, and is reported in acre-feet. The outflow is simply the stream discharge, in cubic
feet per second. The HSPF model calculates discharge based on volume of water in the
reach. For the case of impoundments that were modeled, a minimum volume was set based
on design parameters of the pond. During periods of no discharge from the pond, the only

pathway for removal of water from the pond was evaporation.

Table 4.4 Example of an “F-table” calculated for the HSPF Model.
Depth Area  Volume Discharge

(ft) (ac) (ac-ft) (cfs)
0 0 0 0
0.35 3.09 25.63 0.04

0.7 12.96 39.76 23.87
1.05 13.64 52.06 45.84
1.4 14.37 65.89 72.44
1.75 15.15 81.35 102.9
2.1 15.98 98.56 136.69
2.45 16.87 117.64 173.39
2.8 17.8 138.71 212.7
3.15 18.78 161.86 254.34
3.5 19.82 187.24 298.12
3.85 19.87 190.67 343.86
9.5 20.75 248.72 1275.84
15.15 21.63 311.76 2464.83
20.8 22.52 379.77 3861.02
26.45 23.4 452.77 5454.18
32.1 24.28 530.75 724412
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4.5 Selection of Representative Modeling Periods

Selection of the modeling periods was based on two factors: availability of data (discharge
and water-quality) and the need to model representative and critical hydrological conditions.
Using these criteria, modeling periods were selected for hydrology and water quality

calibration, hydrology and water quality validation, and modeling of allocation scenarios.

For Chestnut Creek, continuous daily flow data were available at USGS Station #03165000
at Galax, VA during the period from 10/1/1944 through 9/30/2003. The fecal concentration
data were evaluated to determine the relationship between concentration and the level of flow
in the stream. High concentrations of fecal coliform were recorded in all flow regimes; thus,
it was concluded that the critical hydrological condition included a wide range of wet and dry

seasons (Section 2.4).

Daily precipitation data was available within the Chestnut Creek watershed at the Galax
Radio WBRF NCDC Coop station #443267. The few missing values were filled with daily
precipitation from the Wytheville 1S NCDC Coop station #449301.

In order to select a modeling period representative of the critical hydrological condition from
the available data, the mean daily flow and precipitation for each season were calculated for
the period 1958 through 2004. This resulted in 45 observations of flow and precipitation for
each season. The mean and variance of these observations were calculated. Next, a
candidate period was chosen based on the availability of mean discharge data closest to the
fecal coliform assessment period (10/89-9/04). The representative period was chosen from
this candidate period such that the mean and variance of each season in the modeled period
was not significantly different from the historical data. The results of this analysis are shown
in Figures 4.4 and 4.5 and Table 4.5. Therefore, the modeling periods were selected as
representing the hydrologic regime of the watershed, accounting for critical conditions
associated with all potential sources within the watershed. The resulting period for
hydrologic calibration is 10/1/1994 through 9/30/1998. For hydrologic validation, the period
selected was 10/1/1990 through 9/30/1994.
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Table 4.5 Comparison of hydrologic modeling period to historical records for
Chestnut Creek.

Mean Flow (cfs) Precipitation (in/day)

. Primary Station 443267
USGS Station #03165000 Secondary Station 449301*

Fall Winter Spring  Summer Fall ~ Winter Spring Summer

Historical Record (1958-2004)

Mean 60.7 81.1 77.0 51.7 0.092 0.103 0.119 0.119
Variance  572.5 764.3 1008.4 631.1 0.004 0.004  0.006 0.008
Calibration & Validation Period (10/94 — 09/98, 10/90 — 09/94)
Mean 57.0 104.2 72.6 45.8 0.120 0.162  0.147 0.161
Variance 413 1399 887 365 0.002 0.001  0.002 0.003
p-Values
Mean 0.318 0.048 0.349 0.216 0.061 0.0003 0.070 0.042
Variance  0.346 0.098 0.472 0.230 0.121  0.067  0.029 0.129

*Secondary Station utilized only when Primary Station was off-line.

Fecal coliform data for Chestnut Creek were available in the period from 1/17/1990
through 8/2/2005 at various locations throughout the watershed. The modeling period
was selected to include portions of the VADEQ assessment periods that led to the
inclusion of Chestnut Creek on the 1996, 1998, 2002, and 2004 Section 303(d) lists. The
fecal coliform modeling periods were chosen as the same length of time as the hydrologic
modeling periods with the maximum amount of observed data. The four years with the
most fecal coliform data (49 samples) were used as the calibration time period, 10/1/1989
through 9/30/1993. For fecal coliform validation, the period selected was 10/1/1998
through 9/30/2002, during which 46 samples were collected.
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4.6 Sensitivity Analyses

Sensitivity analyses were conducted to assess the sensitivity of the model to changes in
hydrologic and water quality parameters as well as to assess the impact of unknown
variability in source allocation (e.g., seasonal and spatial variability of waste production
rates for wildlife, livestock, septic system failures, uncontrolled discharges, background

loads, and point source loads).

Sensitivity analyses were run on both hydrologic and water quality parameters. The
parameters adjusted for the hydrologic sensitivity analyses are presented in Table 4.6,
with base values for the model runs given. The parameters were typically adjusted to
-50%, -10%, 10%, and 50% of the base value. Where an increase of 50% exceeded the
maximum value for the parameter, the maximum value was used and the parameters
increased over the base value were reported. The model was run for the hydrology
calibration time period (water years 1995 through 1998). The hydrologic quantities of
greatest interest in modeling NPS pollutants are those that govern peak (high) flows and
low flows. Peak flows, being a function of runoff, are important because they are directly
related to the transport of NPS pollutants from the land surface to the stream. Peak flows
were most sensitive to changes in the parameters governing infiltration such as INFILT
(Infiltration) and AGWRC (Groundwater Recession Rate). To a lesser extent, peak flows
were sensitive to LZSN (Lower Zone Storage) and UZSN (Upper Zone Storage). Low
flows are important in a water quality model because they control the level of dilution
during dry periods. Parameters with the greatest influence on low flows (as evidenced by
their influence in the Low Flows and Summer Flow Volume statistics) were AGWRC,
INFILT, LZSN, CEPSC (interception), and, to a lesser extent, LZETP (Lower Zone
Evapotranspiration). The responses of these and other hydrologic outputs are reported in
Table 4.7.
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Table 4.6 Base parameter values used to determine Chestnut Creek hydrologic

model response.

Parameter Description Units Base Value
AGWRC Active Groundwater Coefficient 1/day 0.98
BASETP Base Flow Evapotranspiration 0.01
CEPSC Interception Storage Capacity in 0.01-0.2
DEEPFR Fraction of Deep Groundwater 0.01
INFILT Soil Infiltration Capacity in/hr 0.117-0.317
INTFW Interflow Inflow 1.0
KVARY Groundwater Recession Coefficient 1/day 0
LZSN Lower Zone Nominal Storage in 2-2.429
LZETP Lower Zone Evapotranspiration 0.01-0.8
NSUR Manning’s n for Overland Flow 0.1
UZSN Upper Zone Storage Capacity in 0.699-1.195
--- = unitless
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Table 4.7 Sensitivity analysis results for Chestnut Creek hydrologic model
parameters (% change).
Model Parameter Total High Low Winter Spring  Summer Fall Elow Total
Parameter Change Flow Flows  Flows Flow Flow Flow Volume Storm
(%) Volume  Volume Volume Volume

AGWRC! 0.85 -0.93 2172 -51.99 9.60 -3.87 -17.78 -0.38 14.73
AGWRC! 0.92 -0.89 1201  -37.58 7.74 -3.58 -13.29 -1.41 11.57
AGWRC! 0.96 -0.59 4.40 -20.09 4.66 -2.24 -7.08 -1.87 5.34
AGWRC! 0.999 2416 -12.09  -23.07 -25.31 -25.86 -18.58 -24.97 -32.83
BASETP -50 0.11 -0.35 0.87 -0.13 0.26 0.62 -0.14 0.40
BASETP -10 0.02 -0.07 0.17 -0.03 0.05 0.12 -0.03 0.08
BASETP 10 -0.02 0.07 -0.17 0.03 -0.05 -0.12 0.03 -0.08
BASETP 50 -0.11 0.35 -0.86 0.13 -0.25 -0.62 0.14 041
DEEPFR -50 0.32 0.13 0.50 0.27 0.33 0.39 0.36 0.29
DEEPFR -10 0.06 0.03 0.10 0.05 0.07 0.08 0.07 0.06
DEEPFR 10 -0.06 -0.03 -0.10 -0.05 -0.07 -0.08 -0.07 -0.06
DEEPFR 50 -0.32 013 -0.50 -0.27 -0.33 -0.39 -0.36 -0.29
INFILT 50 -0.26 2383  -22.01 5.12 -0.47 -8.40 -2.19 2.69
INFILT -10 -0.06 3.60 -3.43 0.84 -0.21 -1.35 -0.26 0.27
INFILT 10 0.05 -3.25 3.10 0.77 0.24 1.22 0.21 -0.19
INFILT 50 0.31 -13.24 12,97 -3.22 1.32 5.19 0.83 -0.51
INTFW -50 -0.02 4.64 0.34 -0.21 0.06 0.49 -0.27 -0.24
INTFW -10 0.00 0.46 0.07 -0.02 -0.01 0.07 -0.03 -0.03
INTFW 10 0.00 -0.37 -0.07 0.02 0.01 -0.06 0.02 0.03
INTFW 50 0.01 -1.34 -0.30 0.07 0.03 -0.24 0.10 0.13
LZSN -50 2.68 13.43 -7.45 6.80 -0.96 -3.23 5.62 3.09
LZSN -10 0.35 1.97 -1.36 1.06 -0.11 -0.82 0.75 1.28
LZSN 10 -0.27 -1.71 1.35 -0.94 0.07 0.90 -0.59 -1.36
LZSN 50 -0.87 -6.81 6.19 -3.89 0.11 4.42 -1.64 -6.64
CEPSC -50 0.87 -4.86 7.79 -0.93 1.03 3.86 1.16 1.59
CEPSC -10 0.13 -0.92 1.44 -0.20 0.08 0.75 0.23 0.39
CEPSC 10 -0.09 0.67 -0.92 0.13 -0.12 -0.43 -0.15 -0.29
CEPSC 50 -0.41 3.08 -4.48 0.64 -0.33 -2.19 -0.77 -0.98
LZETP -50 5.40 7.08 7.86 3.86 2.00 8.67 9.73 -4.98
LZETP -10 0.23 0.21 0.42 0.14 0.04 0.40 0.47 -0.23
LZETP 10 -0.22 -0.21 -0.42 -0.15 -0.05 -0.40 -0.44 0.24
LZETP 50 -2.08 -2.40 -3.68 -1.70 -0.79 -3.26 -3.42 2.12
NSUR -50 0.03 1.06 -0.99 0.15 0.29 -0.42 -0.11 0.28
NSUR -10 0.01 0.20 -0.17 0.03 0.04 -0.05 -0.03 0.06
NSUR 10 -0.01 -0.20 0.15 -0.04 -0.04 0.05 0.02 -0.05
NSUR 50 -0.04 -0.94 0.71 -0.17 -0.18 0.22 0.15 -0.19
UZSN -50 1.92 7.24 -1.69 3.59 -0.49 1.82 2.23 5.86
UZSN -10 0.27 1.08 -0.38 0.61 -0.19 0.18 0.35 1.25
UZSN 10 -0.23 091 0.40 -0.58 0.21 -0.10 -0.31 -1.23
UZSN 50 -0.88 -3.82 2.16 -2.57 1.08 -0.01 -1.25 -5.29
INumbers represent actual values used for variable -- base value = 0.98.
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The model was run during the water quality calibration time period for the fecal coliform
water quality sensitivity analysis. The three parameters impacting the model’s water
quality response were increased and decreased by amounts that were consistent with the

range of values for the parameter (Table 4.8).

Table 4.8 Base parameter values used to determine water quality model
response for Chestnut Creek.

Parameter Description Units Base Value
MON-SQOLIM Maximum FC Accumulation on Land  FC/ac*day 1.90E+12
WSQOP Wash-off Rate for FC on Land Surface in/hr 0.0-5.6
FSTDEC In-stream First Order Decay Rate 1/day 0.8-4.0

Since the water quality standard for fecal coliform bacteria is based on concentrations
rather than loadings, it was considered necessary to analyze the effect of source changes
on the monthly geometric mean fecal coliform concentration. A monthly geometric
mean was calculated for all months during the simulation period, and the values for each
month were averaged. Deviations from the base run are given in Table 4.9. All results

are plotted by month in Figure 4.6 through Figure 4.8.

In addition to analyzing the sensitivity of the model response to changes in model
parameters, the response of the model to changes in land-based and direct loads was
analyzed. The impacts of load changes on the annual load are presented in Figure 4.9,

while impacts on the monthly geometric mean are presented in Figures 4.10 and 4.11.

It is evident from Figure 4.9 that the model predicts a linear relationship between
increased fecal coliform concentrations in both land and direct applications, and total
load reaching the stream. For Chestnut Creek, the magnitude of this relationship differs
greatly between land-applied and direct loadings. A 100% increase in the direct loads
results in an increase of only 5.2% in-stream loads, while a 100% increase in land-applied

loads results in an increase of approximately 91.8% for in-stream loads.

The sensitivity analysis of geometric mean concentrations in Figures 4.10 and 4.11
showed that land-applied loads had the greatest impact, with direct loads having a lesser,
yet measurable, impact.
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Table 4.9 Percent change in average monthly E. coli geometric mean for the years 1989 - 1993 for Chestnut Creek.
Model P?:rﬁgzt:r Percent Change in Average Monthly E. coli Geometric Mean for 1989-1993

Parameter (%) Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec
FSTDEC -50 36.41 37.10 3393 3524 36.14 3759 40.13 3965 41.16 3956 3865 37.14
FSTDEC -10 6.28 6.38 5.90 6.10 6.24 6.45 6.82 6.75 6.97 6.71 6.59 6.39
FSTDEC 10 -58 594 552 570 -581 -599 -632 -625 -644 -621 -6.12 -595
FSTDEC 50 -25.62 -25.95 -24.33 -25.01 -2546 -26.12 -27.36 -27.07 -27.77 -26.89 -26.58 -25.98
SQOLIM -50 -593 -738 -757 -431 -515 -366 535 -3.74 35 -6.04 -771 -7.31
SQOLIM -25 -263 -327 -340 -187 -226 -153 -232 -162 -151 -264 -341 -3.23
SQOLIM 50 3.51 4.38 4.81 2.32 2.92 1.71 2.80 2.06 1.66 3.58 4.79 4.45
SQOLIM 100 6.20 7.78 8.62 3.95 4.99 2.76 4.64 3.44 2.67 6.15 8.33 7.89
WSQOP -50 493 6.63 7.19 2.01 3.26 0.95 1.97 2.19 0.67 2.95 6.72 6.10
WSQOP -10 0.64 0.86 0.96 0.27 0.42 0.13 0.26 0.29 0.08 0.44 0.88 0.83
WSQOP 10 -059 -079 -08 -025 -0.39 -012 -025 -0.26 -0.07 -042 -082 -0.77
WSQOP 50 -224 -301 -341 -09 -148 -049 -094 -100 -026 -1.70 -3.15 -2.98
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4.7 HSPF Model Calibration and Validation Processes

Calibration is performed in order to ensure that the model accurately represents the
hydrologic and water quality processes in the watershed. The model’s hydrologic
parameters were set based on available soils, land use, and topographic data. Through
calibration, these parameters were adjusted within appropriate ranges until the model
performance was deemed acceptable. Calibration is the process of comparing modeled
data to observed data and making appropriate adjustments to model parameters to
minimize the error between observed and simulated events. Using observed data that is
reported at a shorter time-step improves this process and, subsequently, the performance

of a time-dependent model.

4.7.1 HSPF Hydrologic Calibration

Parameters that were adjusted during the hydrologic calibration represented the amount
of evapotranspiration from the root zone (MON-LZETP), the recession rates for
groundwater (AGWRC), the amount of soil moisture storage in the upper zone (MON-
UZSN) and lower zone (MON-LZSN), the infiltration capacity (INFILT), baseflow PET
(potential evapotranspiration -- BASETP), direct ET from shallow groundwater
(AGWETP), Manning’s n for overland flow plane (MON-MAN), interception storage
capacity (CEPSC), fraction of deep groundwater (DEEPFR), interflow inflow (INTFW),
variable groundwater recession (KVARY), and direct ET from shallow groundwater
(AGWETP). Although HSPF is not a physically-based model and, thus, parameters are
adjusted during calibration in order to match observed data, guidelines are provided by

the EPA as to typically encountered values.

The Chestnut Creek model was calibrated for hydrologic accuracy using daily continuous
stream flow data at USGS Station #03165000 on Chestnut Creek (subwatershed 3). The
results of hydrology calibration for Chestnut Creek are presented in Tables 4.10 and 4.11
and in Figures 4.12 through 4.15. Table 4.10 shows the percent difference (or error)
between observed and modeled data for total in-stream flows (1.46%), upper 10% flows
(14.62%), and lower 50% flows (-1.53%) during model calibration. These values

represent a close agreement with the observed data, indicating a well-calibrated model.
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Table 4.10  Hydrology calibration criteria and model performance for Chestnut
Creek (the outlet of subwatershed 3) for the period 10/01/1994
through 9/30/1998.

Criterion Observed Modeled Error

Total In-stream Flow: 97.50 98.92 1.46%
Upper 10% Flow Values: 30.65 35.13 14.62%
Lower 50% Flow Values: 27.26 26.84 -1.53%
Winter Flow Volume 37.43 35.59 -4.91%
Spring Flow Volume 24.59 24.58 -0.07%
Summer Flow Volume 15.79 19.27 22.06%
Fall Flow Volume 19.68 19.48 -1.04%
Total Storm Volume 65.81 60.53 -8.02%
Winter Storm Volume 29.59 26.09 -11.83%
Spring Storm Volume 16.68 14.99 -10.14%
Summer Storm Volume 7.85 9.65 22.93%
Fall Storm VVolume 11.69 9.80 -16.13%

Table 4.11 contains the typical range for the hydrologic parameters along with the initial
estimates and final calibrated values for Chestnut Creek. The final calibrated values were
all within typical values (EPA, 2000a). The distribution of flow volume in the calibrated
model between groundwater, interflow, and surface runoff at subwatershed 3 was 91%,

7%, and 2%, respectively.
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Table 4.11  Model parameters utilized for hydrologic calibration of the Chestnut
Creek watershed and final calibrated values.
Parameter Units Typical Range of Initial Parameter Calibrated
Parameter Value Estimate Parameter Value

FOREST --- 0.0-0.95 1.0 1.0
LZSN in 2.0-15.0 2.0-2.43 5.23-8.97
INFILT in/hr 0.001 -0.50 0.0117 - 0.317 0.181 -0.417
LSUR ft 100 - 700 100 - 700 100 - 700
SLSUR 0.001 -0.30 0.0382 - 0.343 0.0382 -0.30
KVARY 1/in 0.0-5.0 0.0 0.80
AGWRC 1/day 0.85-0.999 0.980 0.997
PETMAX deg F 32.0-48.0 40.0 40.0
PETMIN deg F 30.0-40.0 35.0 35.0
INFEXP --- 1.0-3.0 2.0 2.0
INFILD 1.0-3.0 2.0 2.0
DEEPFR --- 0.0-0.50 0.010 0.070
BASETP --- 0.0-0.20 0.010 0.0
AGWETP --- 0.0-0.20 0.0 0.0
INTFW --- 1.0-10.0 1.0 3.0
IRC 1/day 0.30-0.85 0.50 0.30
MON-INTERCEP in 0.01-0.40 0.01-0.20 0.01-0.24
MON-UZSN in 0.05-2.0 0.699 - 1.195 0.05-10.23
MON-LZETP --- 0.10-0.90 0.01-0.80 0.01-0.32
MON-MANNING --- 0.05-0.50 0.10 0.05-0.10
RETSC in 0.01-0.30 0.10 0.10
KS --- 0.0-0.99 0.50 0.50
--- = unitless
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Figure 4.13 Hydrology calibration results for one year for Chestnut Creek at
the outlet of subwatershed 3 (10/01/1997 through 9/30/1998).
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Figure 4.14 Hydrology calibration results for a single storm for Chestnut
Creek at the outlet of subwatershed 3 (1/8/1995 through 1/19/1995).
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Figure 4.15 Chestnut Creek flow duration at the outlet of subwatershed 3
(10/01/1994 through 9/30/1998).

4.7.2 HSPF Hydrologic Validation

The hydrologic model was verified using stream flow data from 10/1/1990 to 9/30/1994.
The resulting statistics are shown in Table 4.12. The percent error is within acceptable
ranges for model validation. The hydrology validation results are shown in Figures 4.16
to 4.19. The distribution of flow volume in the validated model between groundwater,

interflow, and surface runoff at subwatershed 3 was 89%, 9%, and 2%, respectively.

Table 4.12  Hydrology validation criteria and model performance for Chestnut
Creek (the outlet of subwatershed 3) for the period 10/01/1990
through 9/30/1994.

Criterion Observed Modeled Error
Total In-stream Flow: 120.39 102.90 -14.53%
Upper 10% Flow Values: 41.84 34.41 -17.76%
Lower 50% Flow Values: 30.14 28.26 -6.25%
Winter Flow Volume 38.12 33.06 -13.27%
Spring Flow Volume 38.22 27.46 -28.16%
Summer Flow Volume 19.62 19.12 -2.56%
Fall Flow Volume 24.42 23.25 -4.79%
Total Storm Volume 81.78 67.52 -17.44%
Winter Storm Volume 28.57 24.28 -14.99%
Spring Storm Volume 28.59 18.61 -34.91%
Summer Storm Volume 9.90 10.17 2.77%
Fall Storm VVolume 14.73 14.46 -1.86%
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Figure 4.16 Hydrology validation results for Chestnut Creek at the outlet of
subwatershed 3 (10/01/1990 through 9/30/1994).
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Figure 4.17 Hydrology validation results for one year for Chestnut Creek at the
outlet of subwatershed 3 (10/01/1991 through 9/30/1992).
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Figure 4.18 Hydrology validation results for a single storm for Chestnut Creek
at the outlet of subwatershed 3 (2/25/1994 through 3/9/1994).
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Figure 419 Chestnut Creek flow duration at the outlet of subwatershed 3
(10/01/1990 through 9/30/1994).
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4.7.3 Fecal Coliform Water Quality Calibration

Water quality calibration is complicated by a number of factors, some of which are
described here. First, water quality concentrations (e.g., fecal coliform concentrations)
are highly dependent on flow conditions. Any variability associated with the modeling of
stream flow compounds the variability in modeling water quality parameters such as fecal
coliform concentration. Second, the concentration of fecal coliform is particularly
variable. Variability in location and timing of fecal deposition, variability in the density
of fecal coliform bacteria in feces (among species and for an individual animal),
environmental impacts on regrowth and die-off, and variability in delivery to the stream
all lead to difficulty in measuring and modeling fecal coliform concentrations.
Additionally, the limited amount of measured data for use in calibration and the practice
of censoring both high (typically 8,000 or 16,000 cfu/100 mL) and low (typically under

100 cfu/100 mL) concentrations impede the calibration process.

Three parameters were utilized for model adjustment: in-stream first-order decay rate
(FSTDEC), maximum accumulation on land (SQOLIM), and rate of surface runoff that
will remove 90% of stored fecal coliform per hour (WSQOP). All of these parameters
were initially set at expected levels for the watershed conditions and adjusted within
reasonable limits until an acceptable match between measured and modeled fecal

coliform concentrations was established.

The Chestnut Creek fecal coliform water quality calibration was conducted using
monitored data collected from 10/1/1989 through 9/30/1993. Table 4.13 and Figures
4.20 through 4.22 show the results of fecal coliform calibration for Chestnut Creek. All
parameters used in the calibration were within typical ranges. Modeled fecal coliform
levels matched observed levels during a variety of flow conditions, indicating that the
model was well calibrated.
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Table 4.13  Model parameters utilized for fecal coliform water quality calibration
of the Chestnut Creek watershed.

Parameter Units Typical Range of Initial Parameter Calibrated
Parameter Value Estimate Parameter Value

MON-ACCUM FC/ac*day 0.0 -1.0E+20 0.0 - 4.8E+10 0.0 - 4.8E+10
MON-SQOLIM FClac 1.0E-02 — 1.0E+30 0.0-4.8E+11 0.0-4.3E+12
WSQOP in/hr 0.05-3.00 0.0-1.0 0.0-2.0
10QC FC/ft3 0.0 - 1.0E+06 0.0 0.0
AOQC FC/ft? 0-10 0.0 0.0
DQAL FC/100mL 0-1,000 200 200
FSTDEC 1/day 0.01-10.0 1.0 0.80-4.0
THFEST 1.0-2.0 1.07 1.07
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Figure 420 Mean daily modeled fecal coliform concentrations compared to instantaneous observed fecal coliform
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concentrations in Chestnut Creek at the outlet of subwatershed 3 (10/1/1989 through 9/30/1993).
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Figure 4.21 Mean daily modeled fecal coliform concentrations compared to instantaneous observed fecal coliform
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concentrations in Chestnut Creek at the outlet of subwatershed 4 (10/1/1989 through 9/30/1993).

Juawdojanag 1AL

VA 9910 1nulIsayd



34Nd300dd ONITIAOIN

v

100,000

10,000

|| T \ a0l Ll

fLo OO | uJM‘M

|| LR |7 )

Fecal Coliform (cfu/100mL)

ni

10 L L L L

10/1989 10/1990 10/1991 09/1992 10/1993
Date

‘— Modeled FC = Monitored FC ‘

Figure 4.22 Mean daily modeled fecal coliform concentrations compared to instantaneous observed fecal coliform
concentrations in Chestnut Creek at the outlet of subwatershed 6 (10/1/1989 through 9/30/1993).
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Careful inspection of graphical comparisons between continuous simulation results and
limited observed points was the primary tool used to guide the calibration process. To
provide a quantitative measure of the agreement between modeled and measured data
while taking the inherent variability of fecal coliform concentrations into account, each
observed value was compared with modeled concentrations in a 2-day window
surrounding the observed data point. Standard error in each observation window was

calculated as follows:

n (observed — modeled, )*
1

(n-1)
n

Standard Error =

where

observed =an observed value of fecal coliform
modeled, =a modeled valuein the 2 - day window surrounding the observation
n = the number of modeled observations in the 2 - day window

This is a non-traditional use of standard error, applied here to offer a quantitative measure
of model accuracy. In this context, standard error measures the variability of the sample
mean of the modeled values around an instantaneous observed value. The use of limited
instantaneous observed values to evaluate continuous data introduces error and, therefore,
increases standard error. The mean of all standard errors for each station analyzed was
calculated. Additionally, the maximum concentration values observed in the simulated
data were compared with maximum values obtained from uncensored data and found to

be at reasonable levels (Table 4.14).

The standard errors in the Chestnut Creek model range from a low of 41.5 to a high of
164.3 (Table 4.14). The high standard error values can be considered quite reasonable
when one takes into account the censoring of maximum values that is practiced in the
taking of actual water quality samples. The standard error will be biased upwards when
an observed high value censored at 8,000 cfu is compared to a simulated high value that

may be an order of magnitude (or more) above the censor limit. Considering the data in
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Table 4.14, it is evident that the higher standard errors coincide with the higher simulated
maximum values, as expected. Thus, the standard errors calculated for these impairments

are considered an indicator of strong model performance.

Table 4.14  Mean standard error of the fecal coliform calibrated model for
Chestnut Creek (10/1/1989 through 9/30/1993).

Mean Maximum Maximum
Subwatershed Station Standard Simulated Monitored
Error Value Value
(cfu/100 mL)  (cfu/100 mL)  (cfu/100 mL)
3 9-CST015.07 50.8 23,053 570
4 9-CST010.45 164.3 15,316 20,000
6 9-CST002.64 415 8,187 4,900

A comparison between the geometric mean of observed fecal coliform data and the
modeled fecal coliform values is shown in Table 4.15. The maximum percent difference
between geometric means is 4.2%. The differences between the percent exceedances of
the instantaneous standard are also shown. The maximum difference between percent
exceedances is 11.2%. These differences are within the standard deviation of the

observed data at each station and, therefore, the fecal coliform calibration is acceptable.
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Table 4.15  Comparison of modeled and observed standard violations for the fecal coliform calibrated model for Chestnut

Creek.
Modeled Fecal Coliform Monitored Fecal Coliform
10/1/89 - 9/30/93 10/1/89 - 9/30/93
Geometric Exceedances of Geometric Exceedances of
Subwatershed Station ID Mean Instantaneous Mean Instantaneous
n (cfu/100mL) Standard n (cfu/100mL) Standard
3 9-CST015.07 1461 262.2 22.1% 6 262.2 33.3%
4 9-CST010.45 1461 248.9 22.7% 19 256.8 26.3%
6 9-CST002.64 1461 167.6 21.6% 24 175.0 16.7%
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4.7.4 Fecal Coliform Water Quality Validation

Fecal coliform water quality model validation was performed on data from 10/1/1998 to
9/30/2002. Observed data was available at the outlet of subwatersheds 2 and 6. The
results are shown in Tables 4.16 and 4.17 and Figures 4.23 and 4.24. The standard errors
in the Chestnut Creek model validation range from a low of 17.1 to a high of 29.3 (Table
4.18).

Table 4.16 Mean standard error of the fecal coliform validated model for
Chestnut Creek (10/1/1998 through 9/30/2002).

Mean Maximum Maximum
Subwatershed Station Standard Simulated Monitored
Error Value Value
(cfu/100 mL)  (cfu/100 mL) (cfu/100 mL)
2 9-CST016.82 29.3 17,881 1,300
6 9-CST002.64 17.1 7,138 700

A comparison between the geometric mean of observed fecal coliform data and the
modeled fecal coliform values is shown in Table 4.17. The maximum percent difference
between geometric means is —40.5%. The differences between the percent exceedances
of the instantaneous standard are also shown. The maximum difference between percent
exceedances is 11.7%. These differences are within the standard deviation of the

observed data at each station and, therefore, the fecal coliform validation is acceptable.
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Table 4.17  Comparison of modeled and observed standard violations for the fecal coliform validation model for Chestnut

Creek.
Modeled Calibration Load Fecal Coliform Monitored Fecal Coliform
10/1/98 - 9/30/02 10/1/98 - 9/30/02
Geometric Exceedances of Geometric Exceedances of
Subwatershed Station ID Mean Instantaneous Mean Instantaneous
n (cfu/100mL) Standard n (cfu/100mL) Standard
2 9-CST016.82 1461 287.4 20.2% 33 224.9 30.3%
6 9-CST002.64 1461 187.2 19.4% 13 133.2 7.69%
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Figure 4.23 Mean daily modeled fecal coliform concentrations compared to instantaneous observed fecal coliform
concentrations in Chestnut Creek at the outlet of subwatershed 2 (10/1/1998 through 9/30/2002).

Juawdojanag 1AL

14vdd

VA Y9910 INUISayD



34NAd320dd ONIT13AOIN

8v-v

10,000

4 (i ‘ |||| lml |l

= 1,000

o

o

—

=

s

e

S

2

©

T [ ||||

o

I:]L) 100 / U% 'ﬂ;’ LU‘;’
10 11111111111%11111111111%111llllllll%lllllllllll%
10/1998 10/1999 10/2000 10/2001 10/2002

Date

‘— Modeled FC = Monitored FC ‘

Figure 4.24 Mean daily modeled fecal coliform concentrations compared to instantaneous observed fecal coliform
concentrations in Chestnut Creek at the outlet of subwatershed 6 (10/1/1998 through 9/30/2002).
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4.8 EXxisting Fecal Coliform Loadings

All appropriate inputs were updated to 2005 conditions. Figure 4.24 shows the monthly
geometric mean of E. coli concentrations in relation to the 126-cfu/100mL standard for
Chestnut Creek. Figure 4.25 shows the instantaneous values of E. coli concentrations in
relation to the 235-cfu/100 mL standard for Chestnut Creek. These figures show that
there are violations of both standards at the impairment outlet during the calibration
periods. Appendix B contains tables with monthly loadings to the different land use

areas in each subwatershed.
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5. FECAL BACTERIA ALLOCATION

TMDLs consist of waste load allocations (WLAs, permitted point sources) and load
allocations (LAs, nonpoint/non-permitted sources) including natural background levels.
Additionally, the TMDL must include a margin of safety (MOS) that either implicitly or
explicitly accounts for the uncertainties in the process (e.g., accuracy of wildlife

populations). The definition is typically denoted by the expression:

TMDL = WLAs + LAs + MOS

The TMDL becomes the amount of a pollutant that can be assimilated by the receiving
waterbody and still achieve water quality standards. For fecal bacteria, TMDL is

expressed in terms of colony forming units (or resulting concentration).

5.1 Incorporation of a Margin of Safety

In order to account for uncertainty in modeled output, an MOS was incorporated into the
TMDL development process. Individual errors in model inputs, such as data used for
developing model parameters or data used for calibration, may affect the load allocations
in a positive or a negative way. An MOS can be incorporated implicitly in the model
through the use of conservative estimates of model parameters, or explicitly as an
additional load reduction requirement. The intention of an MOS in the development of a
fecal coliform TMDL is to ensure that the modeled loads do not under-estimate the actual
loadings that exist in the watershed. An implicit MOS was used in the development of
this TMDL. By adopting an implicit MOS in estimating the loads in the watershed, it is
ensured that the recommended reductions will, in fact, succeed in meeting the water

quality standard. Examples of implicit MOS used in the development of this TMDL are:

e Allocating permitted point sources at the maximum allowable fecal coliform
concentration

e The selection of a modeling period that represented the critical hydrologic
conditions in the watershed

5.2 Scenario Development

Allocation scenarios were modeled using HSPF. Existing conditions were adjusted until

the water quality standards were attained. The fecal bacteria TMDL developed for
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Chestnut Creek was based on the Virginia State Standards for E. coli. As detailed in
Section 2.1, the E. coli standards state that the calendar month geometric-mean
concentration shall not exceed 126 cfu/100 mL, and that a maximum single sample
concentration of E. coli not exceed 235 cfu/100 mL. According to the guidelines put
forth by VADEQ (VADEQ, 2003a) for modeling E. coli with HSPF, the model was set
up to estimate loads of fecal coliform, then the model output was converted to
concentrations of E. coli through the use of the following equation (developed from a

dataset containing n-493 paired data points):

log, (C,.) =—0.0172 +0.91905 - log, (C )

Where C. is the concentration of E. coli in cfu/100 mL, and Cx. is the concentration of

fecal coliform in cfu/100 mL.

Pollutant concentrations were modeled over the entire duration of a representative
modeling period, and pollutant loads were adjusted until the standard was met. The
development of the allocation scenario was an iterative process that required numerous
runs with each run followed by an assessment of source reduction against the water

quality target.

5.2.1 Wasteload Allocations

All permited point sources permitted for fecal bacteria control were accounted for in the
WLA component of the TMDL. For permitted point discharges (Table 3.2 and Figure
3.2), specific flow data over time provided by VADEQ was used during hydrology and
FC calibration. Design flow capacities were used for allocation runs. For allocations, the
design flow rate was combined with a fecal coliform concentration of 200 cfu/100 mL
(for discharges permitted for fecal control) to ensure that compliance with state water
quality standards can be achieved even if the facilities were discharging at the maximum

allowable flow rate.

5.2.2 Load Allocation

Load allocations to nonpoint sources are divided into land-based loadings from land uses
and directly applied loads in the stream (e.g., livestock, and wildlife). Source reductions
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include those that are affected by both high and low flow conditions. Land-based NPS
loads had their most significant impact during high-flow conditions, while direct
deposition NPS had their most significant impact on low flow concentrations. Bacterial
source tracking (BST) confirmed the presence of human, pet, livestock and wildlife

contamination.

Model results indicate that human direct deposits, and urban and agricultural nonpoint
sources are significant in the watershed. This is in agreement with the results of BST
analysis presented in Chapter 2. Allocation scenarios for Chestnut Creek are shown in
Table 5.1. Scenario 1 describes a baseline scenario that corresponds to the existing

conditions in the watershed.

Because Virginia’s E. coli standard does not permit any exceedances of the standard,
modeling was conducted for a target value of 0% exceedance of the geometric mean
standard and 0% exceedance of the single sample maximum E. coli standard. Scenarios
were evaluated to predict the effects of different combinations of source reductions on

final in-stream water quality.

The first objective of the reduction scenarios was to explore the role of anthropogenic
sources in standards violations. First, scenarios were explored to determine the feasibility
of meeting standards without wildlife reductions. Following this theme, Scenario 2
resulted from a 100% reduction in uncontrolled direct residential discharges (i.e., straight
pipes). A decrease in the violations was observed. This scenario improved conditions in

the stream, but failed to eliminate the exceedances of either standard.

Scenario 3 had a 90% reduction in direct livestock deposition, and 50% reductions to
land loads from urban and agricultural lands, as well as a 100% reduction of straight
pipes. Loads from wildlife were not addressed. This scenario showed improvement, but

the standards were still not met.

Scenario 4 shows 100% reductions to anthropogenic sources would meet both standards.

This scenario shows that reductions to wildlife loads are not required.
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Scenario 5 had fewer reductions to agricultural and urban nonpoint source loads to
provide more obtainable scenarios (98%) while still meeting both standards. Scenario 6
is the Stage 1 scenario and is explained in Chapter 11. Scenario 7 shows that a 65%

reduction from direct livestock bacteria loads will meet the standards. This is the final

TMDL scenario.

Table 5.1 Allocation scenarios for bacterial concentration with current loading
estimates in the Chestnut Creek impairment.
Percent Reduction in Loading from Existing Condition Percent Violations
Direct | NPS Direct NPS Direct NPS |Geometric| Single
Wildlife| Forest/ |Livestock|AgriculturallHuman|Residential Mean > | Sample >
Scenario| Loads |Wetlands| Loads Land Loads | Land 126 235
Number cfu/100mL |cfu/100mL
1 0 0 0 0 0 0 75.00 24.86
2 0 0 0 0 100 0 68.75 24.59
3 0 0 90 50 100 50 2.08 19.52
4 0 0 100 100 100 100 0.00 0.00
5 0 0 100 98 100 98 0.00 0.00
6 0 0 65 87 100 87 0.00 10.00
7 0 0 65 98 100 98 0.00 0.00

5.3 Final bacteria TMDL for Chestnut Creek

Figure 5.1 shows graphically the existing and allocated conditions for the geometric-
mean concentrations in Chestnut Creek. Figure 5.2 shows the existing and allocated
conditions of the instantaneous E. coli concentration in Chestnut Creek. In the Chestnut
Creek watershed, subwatershed 2 was the limiting subwatershed, it required the most

strict reductions to allocate, and is shown in Figures 5.1 and 5.2.

Table 5.2 indicates the land-based and direct load reductions resulting from the final
allocations. Table 5.3 shows the final TMDL loads for the Chestnut Creek fecal bacteria

impairment.

To determine if the allocation scenarios presented will be applicable in the future, the
same scenarios were evaluated with an increase in permitted loads. The permitted loads

were increased by a factor of 5 to simulate a population growth. Chestnut Creek has one
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permit for fecal coliform. The TMDL table that reflects this future scenario is in
Appendix C.
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Table 5.2 Land-based and direct E. coli loads at the Chestnut Creek
impairment outlet (subwatershed 7) for existing conditions and the
final allocation.

ngggﬁgr}zfl Total Annua_l Loading _
Source Existing Run for Allocation Run  Percent Reduction
(cfulyr) (cfufyr)
Land use
Barren 1.48E+11 1.48E+11 0
Commercial 1.26E+13 2.52E+11 98
Crops 1.66E+13 3.32E+11 98
Forest 2.97E+14 2.97E+14 0
Livestock Access 2.69E+14 5.38E+12 98
NC Barren 5.13E+09 5.13E+09 0
NC Commercial 4.80E+09 4.80E+09 0
NC Crops 1.02E+12 1.02E+12 0
NC Forest 1.53E+13 1.53E+13 0
NC Livestock Access 2.11E+13 2.11E+13 0
NC Pasture 8.91E+12 8.91E+12 0
NC Residential 4.16E+10 4.16E+10 0
NC Water 7.45E+12 7.45E+12 0
NC Wetlands 9.41E+09 9.41E+09 0
Pasture 6.00E+15 1.20E+14 98
Residential 1.56E+15 3.12E+13 98
Wetlands 1.17E+12 1.17E+12 0
Direct
Human - VA 1.6287E+13 0.00E+00 100
Livestock - VA 2.86683E+11 1.00E+11 65
Human - NC 9.85E+11 9.85E+11 0
Wildlife - NC 9.69798E+11 9.70E+11 0
Wildlife - VA 2.21829E+13 2.22E+13 0

Table 5.3  Average annual E. coli loads (cfu/year) modeled after allocation in the
Chestnut Creek watershed at the outlet.

Impairment WLA LA MOS TMDL
(cfulyear) (cfulyear) (cfulyear)
Chestnut Creek 2.77E+09  3.24E+13 3.24E+13
VAG400062 1.38E+09
VAG400439 1.38E+09

ALLOCATION 5-8



TMDL Development DRAFT Chestnut Creek, VA

6.

WATER QUALITY ASSESSMENT

6.1 Applicable Water Quality Standards

Virginia state law 9VAC25-260-10 (Designation of uses) indicates:

A

All state waters, including wetlands, are designated for the following uses:
recreational uses, e.g., swimming and boating; the propagation and growth of a
balanced, indigenous population of aquatic life, including game fish, which might
reasonably be expected to inhabit them; wildlife; and the production of edible and
marketable natural resources, e.g., fish and shellfish.
¢’

At a minimum, uses are deemed attainable if they can be achieved by the
imposition of effluent limits required under 88301(b) and 306 of the Clean Water
Act and cost-effective and reasonable best management practices for nonpoint
source control.

¢’

The [State Water Control] board may remove a designated use which is not an
existing use, or establish subcategories of a use, if the board can demonstrate that
attaining the designated use is not feasible because:

1. Naturally occurring pollutant concentrations prevent the attainment of the
use;

2. Natural, ephemeral, intermittent or low flow conditions or water levels
prevent the attainment of the use unless these conditions may be
compensated for by the discharge of sufficient volume of effluent
discharges without violating state water conservation requirements to
enable uses to be met;

¢’

6. Controls more stringent than those required by 88301(b) and 306 of the
Clean Water Act would result in substantial and widespread economic and
social impact.

6.2 Applicable Criterion for Benthic Impairment

Additionally, Virginia state law 9VAC25-260-20 defines the General Standard as:

A. All state waters, including wetlands, shall be free from substances attributable
to sewage, industrial waste, or other waste in concentrations, amounts, or
combinations which contravene established standards or interfere directly or
indirectly with designated uses of such water or which are inimical or harmful to
human, animal, plant, or_aquatic life.

WATER QUALITY ASSESSMENT
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6.3 Benthic Assessment

Chestnut Creek was initially listed on the 1996 303(d) TMDL Priority List as being
partially supporting for aquatic life use. Figure 6.1 shows the locations of the fecal and
benthic impaired segments of Chestnut Creek.

Monitoring Stations
9-CST001.31  /\ / Benthic and Fecal Impairments
\? i /\/ Fecal Impairment
- ’ Roads
Stream Network
Watershed Boundary

9-CSTO10.18 )
9-CST010.45 )
vC\) 9-CST013.29
9-CST015.07
j 9-CST016.82
4

4 0 4 8 Miles

Figure 6.1  Location of VADEQ in-stream water quality monitoring stations in
the Chestnut Creek watershed.

The General Standard is implemented by VADEQ through application of the modified
Rapid Bioassessment Protocol 1l (RBP Il). Using the modified RBP 1, the health of the
benthic macroinvertebrate community is typically assessed through measurement of eight

biometrics, which measure different aspects of the community’s overall health (Table
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6.1). Surveys of the benthic macroinvertebrate community performed by VADEQ are

assessed at the family taxonomic level.

Table 6.1 Components of the RBP Il Assessment.

Biometric Benthic Health?

Taxa Richness

Modified Family Biotic Index
Scraper to Filtering Collector Ratio
EPT / Chironomid Ratio

% Contribution of Dominant Family
EPT Index

Community Loss Index

Shredder to Total Ratio T

DD > >

! An upward arrow indicates a positive response in benthic health when the associated biometric increases.

Each biometric measured at a target station is compared to the same biometric measured
at a reference (non-impaired) station to determine each biometric score. These scores are
then summed and used to determine the overall bioassessment (e.g., not impaired, slightly
impaired, moderately impaired, or severely impaired). A score within the non-impaired

range is the endpoint for General Standard (benthic) impaired TMDLSs.

Twenty modified RBP Il benthic surveys were performed by VADEQ from December
1992 to June 2004 at benthic monitoring stations 9-CST001.31, 9-CST002.64, 9-
CST0010.18, and 9-CST013.29. The results of the modified RBP Il benthic monitoring
surveys are presented in Tables 6.2 through 6.5. In the early 1990s the surveys at 9-
CST010.18 and 9-CST013.29 resulted in a moderately impaired status while severely
impaired conditions were found at 9-CST002.64.

Table 6.2 Modified RBP Il biological monitoring data for station 9-CST001.31
on Chestnut Creek.

Date Assessment Reference Station

1/3/1996 Not Impaired 9-CST010.18
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Table 6.3 Modified RBP 11 biological monitoring data for station 9-CST002.64
on Chestnut Creek.

Date Assessment Reference Station

12/21/92 Severely Impaired 9-WLS006.60
11/11/93 Severely Impaired 9-WLS006.60

04/10/95 Slightly Impaired 9-CST010.18
06/10/97 Slightly Impaired 9-CST010.18
10/29/03 Slightly Impaired 9-CST010.18
06/18/04 Not Impaired 9-CST010.18

Table 6.4 Modified RBP 11 biological monitoring data for station 9-CST010.18
on Chestnut Creek.

Date Assessment Reference Station
01/02/92 Moderately Impaired 6CWLC010.20
07/08/92 Moderately Impaired 6CWLC010.20
12/21/92 Moderately Impaired 6CWLC010.20
11/29/93 Moderately Impaired 6CWLC010.20
04/10/95 Moderately Impaired 6CWLC010.20
01/03/96 Not Impaired *
06/10/97 Not Impaired *
10/29/03 Not Impaired *
06/18/04 Not Impaired *

*9-CST010.18 was the reference station for the downstream benthic stations on Chestnut Creek.

Table 6.5 Modified RBP 11 biological monitoring data for station 9-CST013.29
on Chestnut Creek.

Date Assessment Reference Station

01/02/92 Moderately Impaired 6CWLC010.20
07/08/92 Moderately Impaired 6CWLC010.20
12/21/92 Slightly Impaired 6CWLCO010.20
11/29/93 Moderately Impaired 6CWLC010.20

An alternative method to the modified RBP 11 is the Virginia Stream Condition Index
(VASCI). The VASCI is being developed, and data is being collected to calibrate and
further validate the VASCI method. The VASCI procedure involves obtaining eight
biometrics, with higher scores indicating a healthier benthic community. The VASCI has
an impairment threshold of 61.3. The advantage of the VASCI is that the score does not

depend upon values from a single reference station.

The VASCI scores calculated from the VADEQ benthic survey data are presented in
Tables 6.6 through 6.8. Five of the seven scores for 9-CST002.64 are below the
impairment threshold of 61.3. Four out of eight scores are below 61.3 at 9-CST010.18.
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All of the scores at 9-CST013.29 were above the impairment threshold. Figures 6.2

through 6.4 are a graphical representation of the VASCI scores for VADEQ monitoring

stations 9-CST002.64, 9-CST010.18, and 9-CST013.29.

Table 6.6 VASCI biological monitoring scores for station 9-CST002.64 on
Chestnut Creek (Impairment threshold = 61.3).

Date 12/92  11/93  04/95 06/97 10/03 _ 06/04 05/05
Richness Score 4545 4091 4091 3636 4091  68.18 54.55
EPT Score 5455 3636 4545 3636 4545  81.82 63.64
%Ephem Score  36.84  34.60  47.81 6156 1813 5256 47.88
%PT-H Score 5437 4256  29.06 530 2497 3745 27.48
%Scraper Score 3642 4399 5284 2130 5197  23.30 15.78
%cmg;g?em.dae 10000 9091 8621 9057 9222 7556 86.96
%2Dom Score 7913 6550  87.08 5445 4810 8658 72.15
%MFBI Score  86.34 7576  80.38 7575 7222  82.52 76.89
VASCIScore 6164 5384 5872 4771 4925 6350 55.66

Table 6.7 VASCI biological monitoring scores for station 9-CST010.18 on
Chestnut Creek (Impairment threshold = 61.3).

Date 1292 11/93  04/95 01/96  06/97  10/03 _ 06/05 _ 05/05
Richness Score  50.00  50.09  63.64  59.09 4545 5455 7727  72.73
EPT Score 4545 4545 6364 8182 4545 5455 8182 8182
%Ephem Score  47.98 5438  77.68 1742 7686 2691 3659  86.77
%PT-H Score 551 520 268 4363 270 869  28.88  17.93
%Scraper Score  63.25 8811 4301 5481 2636 8148 5276  24.02

PoCTaper >
/(’Ch'g‘;g‘r’em'dae 9706 9315 8857 8932 8269 9381 8598  96.81
9%2Dom Score  46.69 4543 7559 7565 79.09 6099 8361 7215
%MFBI Score 7353  77.34 8473  86.09 77.35 7611 8342 8479
VASCI Score _ 53.68 5014 6244 6348 5450 5713 6629  67.13

6-5
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Table 6.8 VASCI biological monitoring scores for station 9-CST013.29 on
Chestnut Creek (Impairment threshold = 61.3).
Date 12/92 11/93 05/05
Richness Score 72.73 63.64 63.64
EPT Score 72.73 72.73 90.91
%Ephem Score 15.88 26.92 72.86
%PT-H Score 37.29 16.36 35.45
%Scraper Score 68.51 97.09 29.75
%Chironomidae Score 89.38 98.06 83.50
%2Dom Score 76.62 67.25 81.26
%MFBI Score 82.51 83.81 87.38
VASCI Score 64.46 65.73 68.09
80
70 |
Impairment threshold = 61.3
60
50
%
D 40 A
)
<
S 30
20
10
0 T T T T T T T T T T

Dec-92 Jan-94 Feb-95 Mar-96 Apr-97 May-98 Jun-99 Jul-00 Aug-01 Sep-02 Oct-03 Nov-04

Figure 6.2

VASCI biological monitoring scores for station 9-CST002.64 on

Chestnut Creek.
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VASCI biological monitoring scores for station 9-CST010.18 on
Chestnut Creek.

Impairment threshold = 61.3

60 1

50 A

40

30

VASCI SCORE

20

10

0

Figure 6.4

12/92 01/94 02/95 03/96

04/97 05/98 06/99 07/00 08/01 09/02

10/03

11/04

VASCI biological monitoring scores for station 9-CST013.29 on
Chestnut Creek.
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6.4 Habitat Assessment

Benthic impairments have two general causes: input of pollutants to streams and
alteration of habitat in either the stream or the watershed. Habitat can be altered directly
(e.g., by channel modification), indirectly (because of changes in the riparian corridor
leading to conditions such as streambank destabilization), or even more indirectly (e.g.,
due to land use changes in the watershed such as clearing large areas).

Habitat assessments are typically carried out as part of the benthic sampling. The overall
habitat score is the sum of 10 individual metrics, each metric ranging from 0 to 20. The
classification schemes for both the individual habitat metrics and the overall habitat score

are shown in Table 6.9.

Table 6.9 Classification of habitat metrics based on score.

Habitat Metric Optimal Sub-optimal Marginal Poor
Embeddedness 16 - 20 11-15 6-10 0-5
Epifaunal Substrate 16 - 20 11-15 6-10 0-5
Pool Sediment 16 - 20 11-15 6-10 0-5
Flow 16 - 20 11-15 6-10 0-5
Channel Alteration 16 - 20 11-15 6-10 0-5
Riffles 16 - 20 11-15 6-10 0-5
Velocity 16 - 20 11-15 6-10 0-5
Bank Stability 18- 20 12 -16 6-10 0-4
Bank Vegetation 18- 20 12-16 6-10 0-4
Riparian Vegetation 18 - 20 12-16 6-10 0-4
Overall Score 166 — 200 113-153 60 — 100 0-47

The VADEQ habitat assessments on Chestnut Creek are displayed in Tables 6.10 through
6.12. Embeddedness is a measure of the extent to which the available riffle habitat is
surrounded by sediment. Marginal scores indicate that 50 to 75% of the available habitat
is surrounded by fine sediment. The five most recent surveys at 9-CST002.64 indicated
marginal Embeddedness scores. Two of the five most recent surveys at 9-CST010.18
indicated marginal Embeddedness scores. The three most recent surveys at 9-CST013.29
had Embeddedness scores in the marginal category. Pool Sediment is a measure of the
amount of sediment that has accumulated in pool areas of the stream. It provides an

indication of sediment transport in the stream. Since 1995, all of the surveys at 9-

WATER QUALITY ASSESSMENT 6-8
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CST002.64 indicated marginal pool sediment scores. Four of the five surveys performed
since 1995 at 9-CST010.18 indicated marginal Pool Sediment scores. Substrate is an
indication of the quality and quantity of available habitat. The last three surveys at 9-
CST002.64 had marginal Substrate scores.  Marginal scores indicate that the sampling
area only had 20 to 40% stable habitat. Riparian Vegetation is a measure of the width of
the natural vegetation from the edge of the stream bank through the riparian zone.
Marginal scores indicate a zone width between 6 and 12 meters. The Riparian
Vegetation metric scores were in the poor category for two of the past five surveys at 9-
CST010.18. Bank Stability is a measure of the extent of erosion of the stream banks. A
marginal score indicates that 30 to 60% of the stream bank is eroded. The Bank Stability
metric at 9-CST013.29 was in the marginal category for two of the past three surveys.
Interestingly, the Channel Alteration score at 9-CST013.29 was in the poor category for
the spring 2005 survey, indicating significant channelization. However, the benthic
community seems to have recovered very well from this disturbance, as the VASCI score

is above the threshold.

Table 6.10  Habitat scores for VADEQ monitoring station 9-CST002.64 on

Chestnut Creek.
Metric 04/95 06/97 10/03 06/04 05/05

Channel Alteration 19 18 15 15 15
Bank Stability 12 16 12 12 15
Bank Vegetation 18 17 10 13 15
Embeddedness 10 5 10 7 8
Flow 18 19 17 18 17
Riffles 17 15 7 7 9
Riparian Vegetation 7 17 10 13 16
Pool Sediment 10 2 6 4 6
Substrate 15 14 6 8 10
Velocity 14 17 15 14 15

TOTAL SCORE 140 140 108 111 126
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Table 6.11  Habitat scores for station 9-CST010.18 on Chestnut Creek.

Metric 01/95 01/96 10/03 06/04 05/05
Channel Alteration 17 17 18 17 18
Bank Stability 11 11 13 14 15
Bank Vegetation 17 17 9 15 15
Embeddedness 7 7 12 14 16
Flow 18 18 16